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Abstract

This study analyzes the comparative advantage of alternative forest management policies from the viewpoint of rural households in Madagascar using cost-benefit-analysis (CBA).  Applying a poverty index to account for relative poverty levels among households, the results demonstrate that due to their livelihood strategies it is especially the poorest households that suffer most from a strict conservation approach, while better-off households would benefit more due to an improved provision of indirect forest services, particularly watershed protection.  This effect cannot even be off-set by compensating households for their opportunity costs as currently envisaged by national policy makers and international donors in Madagascar.  The implications of our results are discussed beyond the case study level.
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1. Introduction

The ongoing destruction of global forest resources and its significant negative ecologic, economic, and social consequences represent a challenge of considerable importance to the global community.  Since most of the goods and services provided by forests are global public goods, market mechanisms generally fail to provide the socially optimal amount of these goods and services.  As a result, governments and other actors are commonly called in to design appropriate policies and programs to correct market failure.    In this context, the most commonly proposed policy approach is the creation of protected areas (PA).
  This policy strategy is often based on macro-economic analyses which – representing the viewpoint of a social planner – emphasize the considerable economic benefits that can be gained by the conservation of forests compared to alternative, extractive management options of natural resources (Beukering et al. 2003, Bruner et al. 2001, Pagiola et al. 2002, Pearce and Moran 1994, IIED 2003).  The monetary values that are applied in these analyses are commonly obtained from studies using hypothetical markets – at the national and global level.  Moreover, the success of such conservation strategies is often measured mainly against progress made in reducing the actual rate of deforestation, but not against indicators of poverty alleviation, which would be especially important considering the principle objectives recently pronounced in the Millennium Development Goals.

In contrast, it is the purpose of this study to carry out a cost-benefit-analysis of alternative forest management strategies and to analyze their impact on the livelihood of rural households.  Pursuing arguments developed by Lutz et al (1994), we conduct this analysis from the viewpoint of individual households, i.e., costs and benefits are only considered as they actually accrue to the household and valued at prices actually faced by the household.  In contrast to other studies that have already been devoted to explore the impact of forest policies on livelihoods of rural households (Geist and Lambin 2003, Oksanen et al. 2003, Wunder 2001) and that treated rural households as one homogenous group, we differentiate households with  regard to relative poverty levels.  This categorization of households into relative poverty groups did not use monetary income as a measure of poverty, but – following Henry et al. (2003) – applied principle component analysis to compute a poverty index. This method allows us to take into account multidimensional aspects of poverty which had recently been pronounced when the relationship between forest management and poverty alleviation was explored (Angelsen and Wunder 2003).  Lastly, this analysis not only considers economic aspects of resource management at the micro-level, but combines them with natural science data on forest resources to analyze the interdependence of ecosystem dynamics and economic decision-making processes. Even though we exclusively apply data from the Northwest of Madagascar, we present evidence from secondary sources suggesting that our results may carry more general implications for forest management strategies beyond this case study level.

The structure of this paper is as follows:  In the following, the current policy framework of forest resources management in Madagascar is briefly described.  Section 3 describes the conceptual framework and the data.  Descriptive statistics on the household and forest ecosystems are discussed in Section 4 which serves as the basis for deriving the variables and constraints applied in the cost-benefit model.  Section 5 is devoted to a discussion of the modeling process.  The results of the CBA are presented in Section 6 . We finish by providing a discussion of our results and relevant conclusions in Section 7.

2. The Policy Framework of Forest Management in Madagascar

Madagascar’s natural resources are characterized by an extremely high level of endemism of plants and animals (EU 1999; Ganzhorn & Sorg 1996).  90% of its 250 species of reptiles, 29 of its lemur species, and 80% of its plant species are unique and only found on that island (O’Connor 1996).  Thus, Madagascar is often classified as a megadiversity country of highest conservation priority representing one of the most important reservoirs for biological diversity (Larson 1994).

In contrast to this rich biodiversity, Madagascar suffers significantly from deforestation.    Shifting agriculture and the collection of woodfuel
 as the main source of energy are among the main factors driving deforestation.  According to recent estimates (Steiniger et al. 2003), the average annual deforestation is around 0.86% for Madagascar as a whole.  However, these numbers may increase to up to 7-8% or 10% if small areas are analyzed individually and for shorter time periods (Ackermann 2003, Oberlé 2001).  Even though it seems to be attractive to establish a direct link between population growth and deforestation, this would underestimate the significance of other socio-economic constraints that also contribute to these developments and which have to be analyzed separately from the aspect of mere population growth (compare Messerli 2001).  For example, over the past decades Madagascar has fallen deeper into poverty with its GDP per capita declining from US$ 383 to US$ 246 between 1960 and today (UNDP 2001, World Bank 2003a and 2003b).  In 2002, the political conflict in the country caused the GDP per capita to decline by 14%.  Annual population growth rates reported for Madagascar are generally above the African average, and they vary between 2.7% and 3.8%.  70% of the total population lives in the rural areas. 

As a response to the problem of deforestation, the Government of Madagascar (GoM) has adopted a strict conservation policy with biodiversity conservation as the guiding principle.  Since 1991, when the first National Environmental Action Plan (NEAP) was established, the GoM has invested about US$ 75 million in the establishment of a protected area (PA) network encompassing terrestrial as well as aquatic ecosystems (Carret and Loyer 2003).  As of 2003, the PA network already consisted of 18 national parks, 5 “integrated” reserves, 23 special reserves, and 2 marine reserves (World Bank 2003a).  However, as announced during the World’s Park Congress in September 2003, the objective of the GoM is to increase areas under protection from currently 1.7 million hectares to 6.0 million hectares under the third phase of NEAP, which is currently commencing (World Bank 2004).  This objective is complemented by the goal to improve institutional efficiency and accountability, to facilitate dedicated efforts to improve sector governance, and to support law enforcement efforts in the natural resource management sector.

In addition to safeguarding the environment and its significant biodiversity, it is argued that the conservation approach to forest resource management benefits especially the poorest people as opposed to making use of its extractive production potential.  This argument is supported by macro-economic studies that focus on forest values such as biodiversity, recreation, and watershed protection (Kramer et al. 1995, Carret and Loyer 2003).  The monetary values that are applied in these analyses are commonly obtained from studies using hypothetical markets – at the national and global levels – but so far without being able to convert these economic values into real resource flows, i.e., compensation payments that address the opportunity costs faced at the micro-level.
  Under current national law it is planned to compensate communities living adjacent to PA for their opportunity costs of restricted access to forest resources.  The funds for this compensation scheme are supposed to be financed from a share of 50% of all entrance fees paid by tourists to access PAs.

In contrast to these ambitious objectives, it remains unclear how increasing management tasks and development programs can jointly be financed in a sustainable manner.  At present, only 7% of the management costs can be refinanced through park fees, while 70 – 80% is contributed by international donors and 15 – 20% by the GoM.  This casts some doubt on the realistic implementation of compensation payments generated from a 50% share of the park entrance fees.  In addition, Carret and Loyer (2003) estimate that management costs of PA will increase from US$ 2.5 per hectare per year to about US$ 5.0 per hectare per year under the objectives of NEAP III.

Another important aspect of current forest policies in Madagascar is the transfer of management responsibilities to local communities.  However, according to Antona et al. (2002), the state remains the unique legal owner of these resources over all of the national territory and the contractual arrangements only represent rights for the withdrawal of secondary forest products with the allowance of the district authorities, but neither full property nor management rights.  It is frequently observed that the establishment of such contracts is linked to situations where government authorities have already lost interest in overly degraded resources.  As a conclusion, they hypothesize that this approach is regarded as a way to reduce government costs of control and enforcement while complying with supranational commitments of biodiversity conservation.  
3. Conceptual Framework and Research Design

(a) Conceptual framework

To develop our conceptual framework, we use a simple two-period model representing the economic decision-making processes of a farm household.  It is assumed that a farm household generates income through returns on their physical or working capital, including land (K), labor (L), human capital (H), and social capital (S).  Therefore, in period t the income generation process of household i is given by
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(1)

and can be interpreted as the net benefit, i.e., benefits minus costs, of one production period.
  Similarly, this applies in the subsequent time period t+1 with
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In this context, it is important to emphasize that even though forest resources are not privately owned by individual households, they are included as physical capital K in the production function of the individual household i because in Madagascar – as often observed in developing countries – property rights over forest resources are poorly defined leading to de facto open access resources.  Consequently, based on a perception of strong customary rights, households can satisfy their consumption of forest products demands according to their specific needs and objectives.

In each time period, this income generation process is constrained by external factors such as the production potential of soils, the ecological characteristics of forest resources, the socio-cultural environment, input and output markets, and – the most important in the context of this study – the political framework.  The optimization strategy of each individual household i adapts to changes in the external factors.  
Furthermore, we assume in our model that in later periods time-lagged biophysical impacts – i.e., externalities
 – have an effect on physical capital and, thus, the income generation processes of individual households.  Such time-lagged impacts are either created by different households, or the same household. They can be positive or negative.  As an example, the extension of the agricultural production area in a watershed may negatively influence the availability of forest products in the subsequent time period, or increased erosion caused by deforestation and intensified cattle breeding may cause the potential of downstream irrigation agriculture to decline in the future.  These time-lagged impacts become additional factors in future production processes, playing an important role for the economic optimization process of a rural household.  In our two-period model, we take this into account by extending equation (2) into 
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 represents the production processes of all of the households living in the same area in the first time period t.  However, in contrast to our two-period model we have assumed so far, these time lagged impacts do not necessarily have to be immediate, i.e., occurring in subsequent time periods t and t+1 or t+23 and t+24, but can also be time-lagged with several periods in between, e.g., the externality creating activity is carried out in period t+2, but the impact does not occur before period t+15.  This basically depends on the characteristic of the physical capital and the nature of the impact.  To account for these impacts, the two-period model of equation (3) can be generalized by substituting t+1 for t+n
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The overall effect of those time-lagged impacts on the outcome of the economic optimization process heavily depends on how future economic events in periods t+n are valued in the present time period t by individuals households.  This problem is taken into account by applying a discount rate for calculating present values (PV) of future net benefit or income streams.  Therefore, taking equation (4), this optimization process from the viewpoint of an individual household i changes into equation (5), where N represents the duration of the optimization period.
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From (5) the considerable influence of discounting behavior on optimization processes of individual households can be seen.  With increasing discount rates, future economic events – and, thus, economic externalities influencing these events – are valued less compared to present events.

Following this model, individual households compare the present value of alternative income generation processes, and they choose the strategy that provides them with the highest PV given their specific economic constraints.  

(b) Data

The research area is located in the region of Marovoay in the Northwest of Madagascar.  479 households were randomly selected from two communities representing a sampling intensity of about 15% for each community.  A standardized questionnaire was applied to collect detailed data on all economic activities of the households.  Complementary questions about migrational aspects were also included.  The household survey was executed from June to August 2001.

The sample was stratified according to the geographical location of the households with regard to an irrigated rice production area.  The strata for the households living in or near this area is labeled “Rice Production Area (RPA),” while the strata for households living further away is labeled “Periphery.”

The households in the sample were categorized into poverty terciles – the poorest, the less poor, and the better-off.  This categorization was accomplished by creating a poverty index using principal component analysis (PCA) as proposed by Henry et al. (2003).  The variables that were identified by PCA with significant factor loadings are: expenses for clothing, household  size, number of Children younger than fourteen years, type of house, ownership of sewing machine, number of Lamabe
 owned, possession of oxcart and radio, total value of livestock owned, and surface of all rice fields owned.  Thus, the poverty index is a measure of relative poverty that is based on multiple dimensions and indicators of poverty. As already mentioned earlier, the relevance of taking multidimensional aspects of poverty into consideration in the context of forest management was recently emphasized by Angelsen and Wunder (2003).

In addition to the household survey, a forest inventory was carried out in savannah woodlands to obtain data on the characteristics of forest resources in order to model the ecologic-economic interdependence between ecosystems and human decision-making.  In total, data from 71 inventory plots were recorded, which corresponds to an inventory area of about 20 hectares. In the case of all trees with a diameter at breast height (dbh) exceeding 5 cm, data was obtained on the dbh, the height, the local name, and the local use.  Respecting other forest ecosystems, secondary data obtained from Ackermann (2003) and Lopez (2003) was applied in the modeling process.

4. The Ecological and Socio-Economic Framework

Analyzing the impact of alternative forest policy options on livelihood strategies of rural households requires taking into account the broader socio-economic framework that guides the decision-making processes of rural households as presented in our conceptual framework.  This information is required in order to construct the dynamic cost-benefit model.  Therefore, the most important socio-economic and ecological characteristics that were applied in the modeling process are presented in this section, and their implications for the cost-benefit model will be discussed.

The economic potential of the study area is characterized by the second largest production area of irrigated rice in Madagascar encompassing a total of approximately 20,000 hectares.  In the south, the region is delimited by the Ankarafantsika National Park with a total area of approximately 130,000 hectares.  The following land-use classification was obtained for the research area from the interpretation of satellite images (in collaboration with Schmidt/PLAE 2003): 39% of the land is savannah woodland, 23% is used as dry agriculture production area, 13% of the land surface is devoted to irrigated rice production, 13% is degraded dry natural forest, and 11% is closed, dry natural forest.  The remaining 1% is classified to be water surface.  For the CBA model, it was assumed that the terrestrial conditions required in order to establish irrigated rice production area are already fully exploited and, thus, this farming system cannot be extended further.

According to information provided by Lopez (2003), the stock of forest resources is 87m³/ha for the closed forest and 26m³/ha for the degraded forest, with annual growth rates of 2.4m³/ha/a and 1.2m³/ha/a, respectively.  From the results of our inventory of the savannah woodland, we calculated a current stock of usable woody biomass from this resource of about 18m³/ha.  The remarkably high frequency of about 360 tree stumps per ha that were recorded in the inventory clearly indicate that at the beginning of our modeling period the anthropogenic impact had already reduced the available stock of this resource to a substantial extent.  The annual growth rate of the usable wood was estimated at 1m³/ha/a for this eco-system (Clement 1982).

Demographic trends in the research area are characterized by high population growth rates, with two main factors contributing to this development:  a) significant migration dynamics into the area, and b) natural reproduction rates above the country’s average due to the high percentage of young families moving to the area.  Migration dynamics are highest in the periphery of the RPA, with 39% of all of the households having actively migrated into the area compared to 30% of the households living near the RPA.  In all, about 50% of all of the households consider themselves to be migrants.
  More than one-third of all the migrants arrived in the study area in the decade prior to the survey, and another third in the period 1980-90.  About two-thirds of the migrants living near the RPA initially came to the region to find work, whereas this reason only applies to less than half of the households living in the periphery.  In the periphery, 19% of the migrant households came to the area in search of land, compared to only 12% near the RPA.  Population growth estimates for the urban center Marovoay are higher than the already high estimates for Madagascar ranging between 3.8% and 4.8% annually (PPIM 1999).  Accordingly, in our model CBA model we assume different population growth rates for the two geographical strata accounting for inter and intra-regional migrational dynamics as well as high fertility rates.

Applying an exchange rate adjusted for purchasing power parity to the data on income of the sample households, about 52% of them live below the internationally defined poverty line of US$ 1 per person per day.  If the subsistence use of forest products is valued at shadow prices, this number decreases to about 42%.  With regard to relative poverty, the correlation coefficient presented in Table 1 shows that even though relative poverty groups were established using multidimensional, non-monetary aspects of poverty, this categorization corresponds well with differences in total household income (r = 0,577; statistically significant at the one percent level).  While the distribution of the total income between poverty groups shows similar patterns within both geographical strata, the poorest households generate about 50% less resources compared to better-off households.  In the CBA model, households are differentiated into three relative poverty groups and two geographical strata. This makes it possible to quantify the impact of alternative forest policies on household income and livelihood strategies of poor compared to better-off households which is continuously carried out in the analysis.  

Even though agricultural activities in the research area are dominated by rice production, significant differences exist between the two geographical strata.  These differences have to be thoroughly analyzed in order to identify those groups of households that create negative externalities by converting forest land into dry farming systems and others that suffer from the negative impacts of deforestation.  Households near the RPA focus on rice production, while households in the periphery concentrate on dry farming systems converting savannah and forest land into agricultural production areas.  Quantities of rice available to a household are on the average about twice as high near the RPA, while the quantity of dry agricultural products per household in the periphery exceeds those near the RPA by about ten times.  Comparing relative poverty groups, the better-off households near the RPA have about twice as much rice available as the poorest households.
  This difference is even greater respecting the periphery where the poorest households have about three times less rice available compared to better-off households.  Even though poorer households also have smaller quantities of dry agricultural products available, the differences are less grave with respect to both geographical strata.  In contrast, however, if the agricultural product quantities that are available to the households are valued in monetary terms, the households in the periphery earn slightly more from agricultural production compared to households near the RPA, with the poorest earning only 32% and 40% in comparison to the better-off households near the RPA and in the periphery, respectively.

[Table 1 here]

The households living in the periphery are also characterized by intensive livestock breeding activities – particularly cattle.  On the average, the number of cattle owned by households in the periphery exceed by 46% those owned by households living near the RPA.  This aspect represents an important finding for the CBA modeling process because if cattle grazing surpasses the carrying capacity of the ecosystem in the periphery of the rice perimeter, negative effects on agricultural production, e.g., erosion, have to be expected in the future.

Due to relatively high level of market development, the households in the research area also have access to non-agricultural and off-farm income sources.  Agricultural labor represents the main source of the latter type of income, with increasing importance the poorer the households are.  Especially the poorest households living near the RPA depend on this source of income, with 31% of their total income earned from this sector.  On the average, the households near the RPA generate 88% more income from this source compared to households in the periphery.  The access to off-farm and especially non-agricultural and forest income sources is important in order to minimize risks associated with income generation and, hence, the income derived from these sources has been incorporated into the CBA model.

The utilization of forest resources contributes significantly to the livelihood of the households in the research area, mainly to satisfy their energy consumption needs in the form of fuel wood and charcoal as well as construction purposes.  Households in the periphery – especially the poorest – depend more on forest products compared to those living near the RPA.  During the past year before the survey, 11% and 16% of the households living near the RPA and in the periphery, respectively, used wood from nearby forest resources for construction purposes, e.g., housing and fencing cattle .  Only 4% of all of the households bought construction wood on local markets.  Wood based energy sources are used by all of the households, with no household possessing the equipment to use alternative energy sources for cooking.
  Charcoal – which is exclusively sold on the market – is produced by only 2% of the households near the RPA, as compared to 12% in the periphery.  

Other forest based activities such as the collection of honey, edible plants, roots, etc. are only of minor importance, except for wild fruits which are collected by 47% of all of the households with no significant differences between geographical strata and poverty groups.  In contrast, 43% of the households near the RPA also harvest cultivated fruit, compared to only 26% in the periphery.  Medicinal plants are collected by 10% of the households in the periphery, but only 3% of the households living near the RPA use these products, with poorer households pursuing this activity more than better-off households.  Households in the periphery earn on the average 57% more resources from forests compared to households near the RPA.

[Table 2 here]

The energy consumption patterns of households differ by poverty group and geographic location. These differences are not only important when creating the cost-benefit model, but they also contribute important information for improving the interpretation of research results.  Despite the above-mentioned fact that all of the households rely on wood to satisfy their consumption demands for energy, only 79% of the households living near the rice perimeter collect fuel wood themselves compared to 98% of the households in the periphery.  The poorer households are, the more they depend on this type of subsistence activity.  However, as Table 2 indicates, livelihood strategies carried out by households near the RPA have already adjusted to situations where marginal benefits of alternative income sources – particularly agricultural production – exceed the marginal cost of subsistence fuel wood collection and, consequently, wood based energy is more frequently bought on the market compared to households living in the periphery (similar findings are presented by Arnold et al. 2003, Arnold and Persson 2003).  In addition, about 85% of household near the RPA that collect fuel wood said that its availability has declined over the past year, compared to 67% in the periphery.  According to the opinions of the respondents in the survey, more than 50% attribute that decline to the increase in population, while about 15% think that the establishment of the adjacent National Park leads to decreasing availability of forest resources.  On average, mean collection time is more than ninety minutes per collection for households near the RPA, while households in the periphery only allocate about fifty minutes for this activity if fuel wood is collected on a daily basis.  When the opportunity costs of fuel wood collection are discussed it also has to be recognized that in the research area, fuel wood collection is a task that is predominantly carried out by the male members of the household and not by women or children as often observed in other areas of Madagascar.  More than 10% of households collect fuel wood within the national park, while about two-third collect it in its vicinity.  

Lastly, credit transactions have to be analyzed in order to estimate the discount rates employed in the subsequent CBA.  Respecting the surveyed households, credits in cash and kind have been taken by 42% of all households of the survey.  These credit transactions carry mean interest rates of about 70%.  However, a significant variation in interest rates is observed depending on the source of the credit and the reason for taking the loan.  Loans taken for agricultural production (i.e., to finance hired labor when fields are prepared or during harvest seasons) carry mean interest rates of 65%.  The highest mean interest rates – 200% – were observed for loans taken to finance health expenses.  A micro-finance institution that operates in the research area is the main source of credit providing 45% of all credits with mean interest rates of 51%.  Loans from employers are the most expensive with mean interest rates of 121%, while loans obtained from direct family members display mean interest rates of 48%.  Further evidence on the discounting constraints of the households in the research area is provided by the finding that loan periods are short, averaging only 6.3 months and never exceeding 14 months.  These results confirm earlier findings by Zeller (1994) who concludes that credit rationing in informal and formal credit markets in Madagascar is frequent. Hence, the opportunity cost of capital and therefore the appropriate discount rate is likely to be much higher than the interest rate in the formal sector which lies around 15% for Madagascar.  Consequently, it is important to carry out a sensitivity analysis with regard to changing discount rates that go beyond the frequently applied 10%.

5. The CBA Model

On the basis of the information discussed in the preceding section, a dynamic simulation model was developed using MS-Excel software applications.  The structure of this simulation model is graphically outlined in Figure 1.  The period over which the biophysical interactions between model variables is simulated is 30 years.  We consider this period to be appropriate because a shorter period of analysis would not sufficiently account for future benefits or costs, e.g., benefits from plantation forestry or costs attributable to deforestation dynamics.

[Figure 1 here]
Population growth, growth rates of forest ecosystems, and visitor rates are considered to be exogenous variables in our model.  Even though we acknowledge that population growth is generally considered to be entirely endogenous to natural resource degradation, we assumed this variable to be exogenous insofar as population growth rates will be constant as long as there is enough accessible forest area that can be converted into land for agricultural production.  In contrast, the absolute number of households that can live in the study area under different policy options is endogenously determined for each policy scenario.  This depends on the accessible forest area – which varies for each policy option – and the mean amount of agricultural production area per household.  If all the accessible land is taken up by households, no more households can move into the area and population growth rates are zero (in Figure 1, this link is graphically represented by the dotted arrow linking “Forest Resources” with the relationship between “Population Growth” and “Households”).  As depicted in Figure 1, we distinguish households with regard to location and relative poverty levels.

Therefore, population growth is the driving force in our model.  The higher population growth rates are, the sooner all accessible land will be taken up by households living in the study area.  Based on the review of empirical evidence in the previous section, we assume population growth rates of 2% and 6% for the RPA and the periphery, respectively.  Sensitivity analysis of simultaneously varying population growth rates in the two strata did not change the relative findings between different groups that are analyzed in our CBA model, but only absolute changes which can obviously be expected due to the stronger and earlier impacts of natural resource degradation on household livelihoods.

In addition to absolute forest land being converted into agricultural production areas, the relative proportion of different forest ecosystems with regard to the total forest area was also assumed to change, with natural closed forests being converted into degraded forests and degraded forests being converted into savannah.  The re-growth potential of forest ecosystems was equally considered in the modeling process.  On the basis of this data, the benefits and costs of wood consumption by local households was calculated with regard to decreasing wood volumes available from accessible forest resources, while the availability of non-wood products was related to the spatial decline of forest cover.

To establish a link between different rates of deforestation under alternative policy options and their impact on agricultural production levels, point estimates were obtained from production function analyses recently carried out by other research studies in Madagascar.  For example, one of the production function analyses reports that a doubling of deforestation in a watershed from 26% to 52% would cause agricultural production levels to decline by about 8% (Minten et al 2003).  Furthermore, Raharinjanahary (2004) calculated a reduction of agricultural production levels by around 40% when fields are affected by erosion and sedimentation.  In this study, the loss of forest cover was estimated to be approximately 70%.  With this data, a logistic function was established for calculating reduction factors of agricultural production with regard to the percentage of forest cover remaining in the research area.  

According to data presented by Ackermann (2003), the negative effects of cattle grazing on deforestation and, consequently agricultural production, was modeled by calculating an overgrazing factor.  As the overgrazing factor increases, the re-growth in m³/ha/a declines and may even drop to zero. 

In order to model afforestation activities by the households, data was obtained from projects that work in the field of afforestation at the household level (Herzog 2003, PLAE 2003, Sepp 2003).  It was assumed that the main inputs such as plants and other technical equipment is provided free of charge to the households, while the households themselves only have to contribute their own labor, which is assumed to be exclusively own household labor.

Lastly, it is necessary to identify alternative policy options that are analyzed in this cost-benefit model.  This includes both the “with” project scenarios as well as the “without” project situation as the base scenario.  According to the analysis of current policy trends in Madagascar, one Base Scenario and three alternative Policy Scenarios were identified.  The key assumptions made for these scenarios are summarized in Table 3.  It needs to be re-emphasized that in our model we do not attempt to value any social benefits such as the conservation of biodiversity or effects attributable to climate change regulations, but only benefits and costs as they accrue to the individual farm-household.

[Table 3 here]

However, our model does allow to simulate impacts on selected ecological variables, such as forest area and wood volumes. From the mere viewpoint of the social planner, the base scenario results in significant social costs, since all forest resources are eventually converted for agricultural production. These results imply that there is a significant loss in biodiversity, recreational value, watershed protection, climatic regulation, and CO2 sequestration. 

In contrast, Policy Option 1 and 2 represent the most preferable alternatives for managing forest resources from a social point of view.  The forest cover in the research area remains at 24%, representing the ecosystems that are currently stratified as closed and degraded forests.  Great social benefits are derived from the conservation of biodiversity, the protection of watersheds, climatic regulation, carbon sequestration, and maintaining the recreational potential of forest resources in Madagascar.

Under PO3 the final forest cover after thirty years is 11%.  However, this excludes the area under plantation forestry, which is highly variable depending on the number of households that engage in afforestation and the average area planted per household.  This policy alternative represents a compromise from the viewpoint of the social planners since only a very minimum area under natural forest is conserved and, consequently, social benefits are significantly reduced compared to PO1 and PO2.  For reasons of simplicity, we assumed that afforestation efforts with exotic, fast-growing tree species cannot off-set these effects and, hence, we only concentrate on their contribution to satisfy household demands for wood products, i.e., construction timber and wood based energy.

6. Results of the Cost-Benefit-Analysis

At first, the results of the cost-benefit calculations are analyzed considering a zero discount rate situation, i.e. cost and benefits that occur in later time periods receive the same weight as cost and benefits in earlier periods.  Even though this is  unrealistic taking into account the real discounting constraints faced by households in the research area as discussed in Section 4, this analytical approach bears the advantage that simulated results give full weight to any future losses attributable to deforestation, while also fully counting future benefits from afforestation activities.  Subsequently, a sensitivity analysis is applied to analyze the influence of changing discount rates on the outcome of cost-benefit calculations.

[Table 4 here]

Several important conclusions can be drawn from the results presented in Table 4.  Firstly, the Base Scenario (BS) displays positive net present values for all poverty groups over all geographical strata.  This shows clearly that – despite the often phrased “irrational” resource utilization by local households – this resource use pattern is perfectly rational given the specific socio-economic framework in which rural households take their decision on natural resource management.  These findings do not change with much higher discount rates as shown later by the sensitivity analysis.  Secondly, the average annual income of households is calculated by dividing the total NPV by the number of years of the model period.  It shows that average annual income declines by about 10% for all poverty groups in all strata.  Thirdly, the last two columns of Table 4 present the annual income of the last year of the modeling period.  By year 30, the annual income will have declined to only 47% of present incomes for the poorest households living near the RPA, while the income for poorest households in the periphery declines to 51%.  The income of the better-off households near the RPA and in the periphery declines to 55% and 56% respectively.  However, being aware of the high discounting constraints of households in the research area, future losses in income are incorporated into present optimization strategies little to nothing.

Still assuming a zero discount rate situation, Table 5 presents the net incremental benefits of alternative policy options with regard to the base scenario.  The results demonstrate that PO1 is judged negatively from the viewpoint of most households in the study area, with the exception of the better-off households near the RPA who gain 2.5% of income, which can be attributed to improved watershed protection and, thus, constant yields of irrigated rice.  It is especially the poorest households that suffer most from the restrictions imposed on forest utilization under this policy approach.  A compensation scheme as envisaged under PO2 does not sufficiently compensate for foregone benefits.  Furthermore, PO1 and PO2 have a particular strong impact on the households in the periphery due to their more pronounced dependence on forest based activities with shares of total income derived from forest resources almost double compared to households near the RPA (compare Table 1).  For the poorest and less poor households, incomes under PO1 and PO2 decline by about 7-8% and 6-7% respectively.  These results show that forest conservation would benefit households that depend on indirect forest services, but that it is to the disadvantage for those households that base their livelihood strategies on extractive forest utilization.  Considering our preceding analysis, it has to be highlighted that it is mainly the extractive use of wood products – but not Non-Timber Forest Products – that make up the largest share of subsistence and cash income for these households.  These varying impacts on different livelihood strategies could not have been detected if households in the research area had been regarded as one homogenous group.  

However, this analysis may actually still be too optimistic with respect to its impact on  livelihoods, since we did not attempt to model any price increases in wood-based energy sources resulting from forest use restrictions. Such price shifts are likely to take place considering the dependence and demand of all households in the research area on wood based energy sources (compare Woodwell 2002).  In addition, no substitutes for wood based energy sources are readily available and they would also require significant initial investments, e.g. in new stoves.  However, the better-off households still have the advantage of having endowments in form of agricultural yields that – even though its relative price would decrease if market prices for wood based energy increase – can be exchanged for energy sources with the lowest marginal costs, i.e. market price.  In contrast, the poorest households would loose an important share of their cash as well as in-kind income sources and, thus, this would make it much harder for them to satisfy their demands for energy and any other consumption goods in exchange for these endowments when restrictions on forest use are imposed.

Considering these arguments, PO3 represents the best policy alternative, even though better-off households near the RPA do not gain as much as under PO2.  Instead, even the poorest households gain under this policy scenario compared to the BS.  This effect is mainly attributable to a less restricted access to forest resources and additional future benefits coming from afforestation efforts.  As a consequence, PO3 does not further increase the relative poverty gap between households in the research area as opposed to PO1 and PO2.

Next, the influence of changing discount rates on the results of net incremental benefits of the alternative policy options is assessed in a sensitivity analysis.  For reasons of graphical illustration we only present eight situations from PO2 and PO3 in Figure 3.  Basically, the sensitivity analysis confirms our results as obtained for the zero discount rate situation.  Only for the better-off households in the periphery the subjective welfare judgment changes to become inferior compared to the poorest households near the RPA.  This indicates that for the better-off households in the periphery benefits and costs under PO2 are more equally spread out over the simulation period, while all other households either suffer from future benefits or enjoy future benefits.  As a consequence, with increasing discount rates these future events are increasingly less incorporated into present decision-making processes by these households.  
[Figure 3 here]

In contrast, all households view PO3 superior compared to the base scenario.  Moreover, as already discussed above, the difference between relative poverty groups and geographical strata is much less pronounced compared to PO2, thus, indicating that varying interests of different household with regard to their livelihood strategies are better balanced under this policy option.  However, it can be seen from the graphs representing PO3 that with increasing discount rates future benefits of plantation forestry are increasingly valued less in the present time period and, hence, the graphs decline strongly up to discount rates of about 15-20%.  This problem is commonly observed whenever investments into forestry activities are undertaken where immediate present costs have to be met by medium- to long-term benefits.


In addition to the economic analysis, land use dynamics as they occur according to the assumptions made in the model are also analyzed to assess their implications for policy recommendations.  For the Base Scenario, it will take 10 years until only savannah woodlands exists as sources for harvesting forest products in the research area.  After 28 years all land is eventually converted for agriculture.

For PO1 and PO2 land use changes are different.  As the area under closed and degraded forest remains unchanged under these Policy Options, the land under savannah will decline more rapidly and all accessible land will be converted for agriculture after 21 years.  Under PO3 only closed forest is permanently conserved.  Degraded forest will disappear after 6 years of the modeling period, which is about 4 years earlier compared to the Base Scenario.  Furthermore, land under savannah will be completely converted for agricultural purposes in year 26, which is only about 2 years earlier compared to the Base Scenario.  Most importantly, however, is the increase in area dedicated to plantation forestry rising to about 1300 ha after 30 years.  These changes are graphically illustrated in Figure 4. 

[Figure 4 here]

Comparing supply and demand of wood shows that only under Policy Option 3 the increasing demand for fuel wood, charcoal, and construction wood can be met by forest resources growing in the study area.  Most drastically, demand will exceed supply already after less than 14 years under PO 1 and 2 and about 22 years under the Base Scenario.  This underlines further that the need for afforestation to meet future needs of forest products cannot be underestimated and has to be seriously considered for developing appropriate forest resource management policies.  This also illustrates that by not modeling future price increases in real terms underestimates the benefits attributable to plantation forestry.  If such changes had been taken account of in our model, PO3 is hypothesized to display higher net benefit flows and net present values.

7. Discussion and Conclusions

Our analysis showed that rural households do not necessarily gain from a strict conservation approach of forest resource management as often proposed by economic analyses that are carried out at the macro-level focusing on benefits derived from global public goods such as biodiversity, recreation, or climate functions.  At the micro-level, the direct use potential of forests, e.g. for fuelwood or even the conversion of forests into agricultural production area, often outweighs the potential of indirect benefits, e.g. watershed protection, and, consequently, no net gain can be achieved for individual households if forest resources are managed under strict conservation policies.  For Madagascar, similar findings are presented by Marcus (2001).   Moreover, even though rural populations or communities seem to be rather homogenous at a first glimpse, it was shown that relative poverty groups are differently affected by implemented policy measures with the poorest suffering most when restrictions over the use of forest resources are imposed.  This shows that it is highly insufficient to regard rural households as a homogenous group whenever the impact of forest policies on rural livelihood strategies is evaluated.

In contrast to the conservation approach chosen in Madagascar to comply with objectives of biodiversity conservation that are defined at a global level, we propose that forest policies should rather focus on the potential of forest resources to contribute to local and regional economic development and poverty alleviation.  In the context of our case study, the analysis demonstrated that it is especially the extraction and marketing of wood-based energy that has significant potential for supporting local livelihoods, particularly for the poorest households among rural communities.  If this potential is to be captured for local and regional economic development in a sustainable manner, it is necessary to complement and gradually substitute the use of natural forest eco-systems by plantation forestry.  However, we argue that these objectives can only be achieved if rural households have the full rights and sovereignty in managing these resources.  Therefore, it will be required to create economic incentives that motivate tree-planting activities at the household level among rural communities.  Such incentives are mainly the transfer of clearly defined property and use rights of trees and the land they are planted and input subsidies to reduce immediate costs associated with tree-planting activities (Kaimowitz 2003, Woodwell 2002).  Creating small-scale plantations at the household level will not only divert the growing demand on wood away from natural forests, but also enables a more efficient production and marketing within a household economy, which leaves scarce resources – particularly labor – to be invested into other activities.  Furthermore, incorporating tree-planting in the household economy is frequently regarded  as a promising way for reducing risk and vulnerability with regard to income generation (compare Dubois 2003, Angelsen and Wunder 2003).  In contrast, being required to purchase substitutes of wood-based energy imposes additional restrictions on limited household budgets and, consequently, households have to economize on other important goods and services, e.g. health or education (compare Boberg 2000).  At the national level, woodfuel substitutes have to be imported in exchange for resources that could be more effectively invested into local and regional development programs.

Even though this analysis is limited to a case study example in the Northwest of Madagascar, there is supporting evidence that our findings apply beyond the case study level.  Recent studies have emphasized that rural households cannot base their livelihoods strategies merely on the extraction of non-timber sources (Southgate 1998, Gutman 2001).  In contrast, it is emphasized that only the use and marketing of extractive wood products – particularly wood based energy – can in fact contribute to the overall goal of poverty alleviation  (Arnold and Bird 1999, Arnold 2002).  Arnold et al. (2003) argue that due to low margins in the woodfuel sector the production and marketing of woodfuel can make this sector a livelihood strategy of the last resort, particularly for households that possess only little or no endowments.  

Therefore, we propose that further research should focus more on analyzing direct opportunity costs and benefits of forest conservation for local livelihoods, and to differentiate the analysis by poverty and spatial location. It is important to identify the local winners and losers of conservation, rather than to stress – as macro-level valuation methods frequently do – the overall net Pareto gains of (global) society (compare Macmillan et al. 2001).  Unless these gains are translated into real resource flows for those affected most by conservation efforts, the long-run social and political sustainability of conservation policy remains questionable. Therefore, the underlying economic arguments that result in theoretically derived win-win situation when protected areas are established needs to be critically reconsidered.  Even though protected areas have until recently been regarded as a common response to the public good character of biodiversity – i.e. that the government will have to take over the provision of biodiversity – it should not be neglected that rural people depend on the access to natural resources for a large part of their livelihoods, which contrast rural against global welfare in many cases (Gutman 2001, El-Lakany 2001, Wunder 2001, Grimble and Laidlaw 2002, Wilshusen et al 2002, Cernea and Schmidt-Soltau 2003).  The effectiveness of any natural resource management strategy can only be as effective as its ability to improve the livelihoods of rural people.  This argument is especially important when the objective of poverty alleviation is seriously contemplated.
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Table 1:
Mean income per household per year differentiated by income source 

[in PPP-US$ and in % of total income]



Income Sources (subsistence &cash)
Total

Income



Agriculturea
Livestock
Forestb
Fishing
Off-Farm /

Non-Agric.




US$
%
US$
%
US$
%
US$
%
US$
%
US$

Rice Production Area
Poorest
432
32%
91
7%
230
17%
183
14%
411
31%
1,347


Less Poor
665
37%
186
10%
176
10%
233
13%
538
30%
1,798


Better Off
1,363
45%
482
16%
184
6%
150
5%
818
27%
2,998


Sub-Total
821
40%
253
12%
197
10%
189
9%
590
29%
2,050

Periphery
Poorest
550
42%
198
15%
277
21%
67
5%
210
16%
1,302


Less Poor
784
38%
377
18%
401
19%
93
4%
430
21%
2,084


Better Off
1,369
54%
490
19%
253
10%
125
5%
303
12%
2,540


Sub-Total
901
46%
355
18%
311
16%
95
5%
314
16%
1,976

Total
846
42%
285
14%
232
11%
160
8%
505
25%
2,027

Correlation of income with poverty index (r)
0.577***

a includes cultivated fruits; b all timber and non-timber forest products; *** stat. sign. at the 1% level
Source: Own Household Survey 2001; PPP-US$ (Worldbank 2003); US$1 = 2275 FMG

Table 2:
Energy Consumption Patterns among Households in the Research Area


collect FW
collect FW & 

buy CC
buy FW
buy 

FW & CC
buy CC

Rice Production Area
Poorest
80,0%

7,3%
1,8%
10,9%


Less Poor
64,5%
11,8%
9,1%
8,2%
6,4%


Better Off
61,8%
15,5%
9,1%
6,4%
7,3%


Sub-Total
68,8%
9,1%
8,5%
5,5%
8,2%

Periphery
Poorest
100,0%






Less Poor
95,9%
2,0%


2,0%


Better Off
91,8%
6,1%


2,0%


Sub-Total
95,9%
2,7%


1,4%

Total
77,1%
7,1%
5,9%
3,8%
6,1%

Source: Own Household Survey; FW = Fuel wood, CC = Charcoal
Table 3:
Description of Scenarios analyzed in CBA

Base Scenario
Policy Option 1
Policy Option 2
Policy Option 3

No policy intervention at all; all forest resources are accessible; land-use dynamics may lead to a full conversion of forest land for agricultural production
Strict conservation strategy of all forest resources; only savannah is accessible to satisfy demand for wood products and for extending agricultural production area
This option is identical to PO 1; 

in addition, compensation is paid to households as 50% of revenues generated from entry fees paid to the National Park
Economic incentives for tree-planting activities are created; only access to closed forests is restricted; 50% of all HH that are living in the research area after 30 years are assumed to participate in tree-planting; on average 0.5ha are assumed to be planted

Table 4:
Net Present Value (NPV) and annual income of Base Scenario [in PPP-US$]



NPV for 30-year modeling period
Year 30



total
annual average
% of present annual income
annual

income
% of present annual income

Rice 

Production 

Area
Poorest
36144
1205
89,4%
626
46,5%


Less Poor
48656
1622
90,2%
995
55,3%


Better Off
80028
2668
89,0%
1639
54,7%


Sub-Total
54908
1830
89,3%
1085
52,9%

Periphery
Poorest
34966
1166
89,5%
663
51,0%


Less Poor
56053
1868
89,7%
1020
48,9%


Better Off
67932
2264
89,1%
1409
55,5%


Sub-Total
53360
1779
90,0%
1043
52,8%

TOTAL
54337
1811
89,4%
1069
52,7%

Source: Own Analysis

Table 5:
Net incremental benefit with regard to the Base Scenario (zero discount rate) [in PPP-US$]



Policy Option 1
Policy Option 2
Policy Option 3



total
% of NPV BS
total
% of NPV BS
total
% of NPV BS

Rice

Production 

Area
Poorest
-1.541
-4,3%
-1.338
-3,7%
796
2,2%


Less Poor
-204
-0,4%
-1
0,0%
1.184
2,4%


Better Off
2.027
2,5%
2.229
2,8%
1.607
2,0%


Sub-Total
97
0,2%
300
0,5%
1.196
2,2%

Periphery
Poorest
-2.770
-7,9%
-2.568
-7,3%
960
2,7%


Less Poor
-3.705
-6,6%
-3.503
-6,2%
444
0,8%


Better Off
-208
-0,3%
-5
0,0%
1.358
2,0%


Sub-Total
-2.228
-4,2%
-2.025
-3,8%
921
1,7%

TOTAL
-616
-1,1%
-413
-0,8%
1.112
2,0%

Source: Own Analysis; BS = Base Scenario




























Figure 1: 

Interactions between Components of CBA Model
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Figure 2:
Sensitivity Analysis of Changing Discount Rates
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Figure 3:  
Land-use Dynamics in the Research area under different Policy Options





























-





Exogenous Variables





Endogenous Variables





Benefits / Costs





Discount Rate





Determination of Benefits and Costs and calculation of Net Present Value





Livestock





Fishing





Non-Agricultural / Off-Farm Income





Forest Products (Non-Wood)





Forest Products (Wood)





-





Agricultural Yields





+





Visitors to Protected Areas





Eco-Tourism Income





Plantations





-





+





Population Growth





Forest Resources





Dry Natural Forest


Degraded Dry Natural Forest


Savannah Woodland





Forest Area /


Wood Volumes





Livestock

















































































































































































































Households





RPA / Periphery


Poverty Groups





Natural Regeneration





Agricultural Production Area


(irrigated / dry)








�According to recent statistics, the global area covered by protected areas amounts up to about 437 million ha (UNEP-WCMC 2003).  However, with regard to forests as protected areas, this data is still heavily biased by including huge areas in the Arctic and Greenland as well as desert areas.  In all, 56% of all of the protected areas are located in developing countries.


� Woodfuel encompasses both firewood and charcoal


� The availability of various methods of hypothetical market valuation – most importantly contingent valuation (CV) – is certainly a major achievement of the discipline of environmental and resource economics.  However, as Deacon et al (1998) state, “the heat has not necessarily generated light” and they consider the CV method to be the most controversial topic in non-market valuation.  Furthermore, according to Sterner and van den Bergh (1998) there are still many reasons why the numbers generated are not very reliable.  This view is also supported by Cropper and Oates (1992) as well as Diamond and Hausman (1994).  


� This is generally assumed to be one year.


� Externalities – or external effects – are consequences of welfare and opportunity costs not fully accounted for in the price and market system.


� A mattress that is locally produced from natural fibers and used during the harvest period for rice threshing.


� It has to be noted that individuals in Madagascar commonly define their migrational status with regard to the location of the family grave.  Consequently, even people that were born in the area where they live may still consider themselves to be migrants. 


� The average yield per hectare of irrigated rice is generally stated to be around two tons per hectare.  Even though this is low compared to rice yields gained at the international level, it is relatively high with regard to the yields reported from other regions in Madagascar (ROR 2000).


� It is estimated that about 80% of all energy consumed in Madagascar comes from wood, i.e., fuel wood and charcoal.
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