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1. Rationale and Objectives

Deforestation of tropical rainforests is considered to be one of the most urgent global environmental issues. Fragmentation of vital forest eco-systems foremost prevalent in sub-Saharan Africa where wood resources and crop residues are the dominant energy source for rural households is also of great concern. Beside the uncontrolled use of common-pool forest resources, unsustainable timber production is supposed to be one more reason for environmental degradation and the loss of environmental services. A core incentive for deforestation is conversion of forest land into agricultural use for food crop production. It is expected that this trend of land conversion will significantly intensify, mainly caused by the current rapid extension of biofuel production.
Global environment concerns are one up-to-date topic for investigating land use changes and deforestation. Besides looking at the ecological impacts economic effects such as income generation and food security for the local population are also focused on. The World Bank Study “Counting on the environment” illustrates the importance of forest environmental income for the rural poor (World Bank 2004). It is mentioned that forest income has a strong and significant equalizing effect on local income distribution. The main sources of environmental forest income are fuel wood, wild foods, medicinal crops and fodder for animals. The importance of forest benefits for poverty reduction is recognised more and more. Besides food security, access to energy is considered to be central for social sustainable development and poverty reduction (UN 2007). However, at present more than 500 million people in sub-Saharan Africa still rely on the unsustainable forms of solid biomass (firewood, charcoal, animal waste, agricultural residues) to meet basic energy needs for cooking, heating and lighting. In some leased developed African countries this traditional biomass still accounts for up to 90% of primary energy supply. The unsustainable use of wood strengthened by steady population growth accelerates deforestation leading to soil erosion, desertification and biodiversity loss. Furthermore, traditional energy use patterns are recognized to have negative repercussions on human health and to keep alive gender disparities. Firewood collection is an activity mainly carried out by women and girls. Women in Burkina Faso spend between 32 and 35 hours per week collecting firewood (Saito 1994). A case study in Zimbabwe indicates that labour allocation to woodlands amount up to 60% of yearly available family labour (Guveya and Sukume 2003). Damage of woodlands will further increase time to collect wood resources in the future.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

Electricity from modern renewable energy sources like small hydro, solar and wind energy systems has high capital costs, and for this reason normally is inaccessible for remote poor communities. Liquid agrofuels however are considered to be less-capital intensive, thus provide an alternative to modern technologies basing on local energy feedstock and supporting traditional knowledge. The UN study (UN 2007) explores the conditions under which small-scale production and use of liquid biofuels can contribute to sustainable development and poverty reduction, especially in sub-Saharan Africa, where subsistence agriculture is still the main source of livelihood for the majority of the population.

Liquid biofuels include pure plant oil, biodiesel, and bioethanol. They have the potential to provide communities with multiple essential energy services, if developed improperly the effect could be increased food prices, loss of biodiversity, further environmental degradation and growing income disparities locally and globally. Unfortunately just today, investment incentives of small-scale community based Bioenergy production may be prolongated due to the actual debate accusing industrialized countries of enforcing food scarcity by promoting large-scale agrofuel production in developing countries. 
What options are available to restrain the encroachment of land used for energy production in sensible environmental areas? Can these sources also in the future be taken for local energy production and, in this way, provide income for the rural population? 
The awareness on loss of biodiversity and the conflicting uses of environmental services underline the need for a well thought-out management of sustainable natural resource use in marginal areas to account for both environmental and basic human needs. This also includes research on sustainable biomass certification, and on alternative cropping and agro-forestry systems (Dam et al. 2006). Actually the focus is on the introduction of new mixed cropping systems for combined production of food and energy crops. Jatropha is one of these promising energy plants expected not to compete with food production (van Eijck and Romijn, 2008, Del Greco and Rademakers 2006, Dufey et. al. 2007). 
However, research on costs and benefits is still in an early experimental state, and published data show shortcoming, especially with respect to agronomic information on seasonal labour requirements of different cropping systems. It is often assumed that labour is in surplus in developing countries. For small-scale farmers in sub-Saharan Africa, family labour is often a scarce resource showing huge seasonal peaks. These agronomic facts are significant for meaningful cost benefit analysis, but often neglected in assessments that are based on aggregated data such as yearly family labour or cash availability.
A village model is an appropriate method for analysing field data with the aim of showing the impacts on long-term resource use. Combining such a model with a game theoretic approach, simulations can illustrate the dynamic options of such systems like potential benefits of joint forest and community land management (cooperative management) compared to a situation of unregulated resource competition among different stakeholders. Opportunity costs derived from the quantitative model facilitate the evaluation of alternative strategies. A modelling approach applicable to quantify and evaluate different management options and their resulting environmental and distributional effects can support a qualified decision process.

In this paper the basic modelling concept for investigating the determinants of land use management is described and first results are presented. The analysis is applied to the Kakamega District of Western Kenya which is home of one of the last rainforests in Africa. First components of the model system were developed as part of the Biodiversity Conservation Study for the Kakamega tropical rainforest. The system can also be applied to alternative rural communities, woodlands, and agro-forestry systems.  
2. Description of the Village Modelling System

Today, there are significant movements from state-driven centralised forest and woodland towards decentralised and mainly community-based management regimes (Matose and Wily 1996, FAO 2007). Experience with common-pool resources indicates their “tragedy” if not appropriately managed. For considering these dynamics and for analysing interactions between different stakeholders, single farm household modules are combined with one representing the commercial sector and together they are linked to the forest, to the local market and to a management system (controller). The developed farm household modelling system is suitable to compute potential impacts of rural or forest conservation policies on different farm types. Vice versa, the modelling of alternative agricultural policies may illustrate the possible effects on forest use activities.The entire village model consists of five basic components:

1. Modules representing diverse groups of farm households 

2. A commercial sector module supplying different forest products and services

3. A component depicting the local market for food and forest products

4. The management system setting constraints and policy objectives

5. A forest bio-economic module

Figure 1 describes the basic structure of the entire modelling system. 

Figure 1 Structure of the Village Modelling System
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In rural areas, household members are typically involved in three economic sectors, agricultural activities, forest activities, and off-forest/off-farm employment. 
Modelling agricultural household behaviour in marginal areas is complicated by the fact that farmers most often are not fully integrated in the market. Failure in factor and commodity markets implies that prices are distorted and cannot be used as the only guide for economic decisions. To account for market failure, various methods can be applied for calculating the true opportunity costs of labour and the shadow prices of commodities. Labour costs might be approximated by indices considering the degree of poverty, assets held or the labour force participation level. Alternatively, opportunity costs can be endogenously determined by specifying a more complex non-separable household model (de Janvry, Fafchamps, Sadoulet 1991, Taylor and Adelman 2003). These models abstract from the perfect market assumption and account for market disconnection due to huge transaction costs and asymmetric information. The standard assumption of a non-separable household model is that households maximise their utility of consumption and leisure by balancing their disutility of work against their utility of consumption. In doing so, they allocate their labour to the different options of being active in production, extraction, storing and/or transporting as described above and their income to consuming different commodities to reach their subjective household equilibrium. The model system abstracts from the concept of one representative consumer. Instead, different types of rural household are considered taking into account some form of specialisation and options for trade within a village.

Farm household activities include production of food and cash crops as well as of the plant Jatropha. Furthermore, storing and transporting these products is considered and the extraction of various forest products (these may also include conversion of forest land into agricultural land). Commercial activities for forest use may compete with those provided by farm households. So far, there is no relationship between individual farms, because prices are set exogenously. If local equilibrium prices are computed endogenously, supply of individual farms affects local prices and the supply response of other farmers. For our case study, available data was not suitable to determine plausible local equilibrium market demand and supply prices. More detailed information will be needed to depict the local multi-stage trading and distribution system. At the farm level, agricultural supply is represented by a detailed linear mathematical activity model. Production activities are distinguished with respect to the timing of land preparation, planting, weeding, pruning and harvesting, and with respect to the technology applied (fertilizer use, mechanisation). Seasonal prices and labour scarcity determines storage and transport activities, and sale of produced commodities in regional markets. The specification of agricultural production is based on monthly data; this is meaningful since it considers essential constraints on the optimal farm program due to labour peaks, it also keeps in mind two ore more cropping cycles per year. In the Kakamega district the long rain and the short rain period has to be distinguished when deciding on the allocation of land. Long rains occur from March to June, short rains from August to October. Most important food crops are maize, beans, sweat potatoes, and cooking bananas. Major cash crops are tea, sugar cane, and sunflowers. Livestock is mainly reared for subsistence use. Indigenous dairy cattle breeds are the most important livestock. The average land holding per household in the district is a 1-2 ha, average household number is 6-7 persons, average yield of maize is 1080 kg/ha (Ministry of Agriculture Nairobi 2008). Distance to the market and availability of seasonal labour are important constraints for different farm household groups. Agriculture in many regions in Kenya is facing declining soil fertility. As reported by the Kakamega District Food Security Rapid assessment Report on February 2008 (Ministry of Agriculture), costs of fertilizer has doubled over the past one month from 1800 kshs to 3600 kshs per 50 kg bag. This high input costs imply that the targeted area for planting will reduce significantly from the last year. It is expected that the maize and beans cropping area will be reduced by 20% and 16% respectively. Actual prices for the main staple food in the district have risen from 20-25 kshs to 35 kshs per 2 kg maize.
These numbers point to the importance of establishing alternative forms of local energy supply, supported by supplementary income opportunities for rural households, at the same time diminishing stress on natural resources. For this reason we specified different activities to produce Jatropha oil. More details are presented in section 3.
Household demand may be either represented by a Normalized Quadratic Expenditure System (Winter and Frohberg 2006) or by a 2-stage additive Utility function adapted from Angelsen (Angelsen 999). The additive Utility function is specified in 

. It includes a subsistence level for consumption cmin, and an upper bound on monthly family labour availability Tmax. The difference between maximum and actual labour represents leisure. The difference between actual attained farm household income C and minimum subsistence income cmin represents the disposable income of the farm household. Income comes from agricultural activities, forest extraction activities, and off-farm labour offered by the commercial sector.
Equation 1
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The function yields positive and declining marginal utility of total consumption C and increasing marginal disutility of labour. Total differentiation yields the shadow wage Z representing the marginal rate of substitution between consumption and labour, this is depicted in Equation 2. Z increases in both consumption and labour which ensures upward sloping convex indifference curves in the C-T space. Subsistence consumption determines a lower bound on food production. This implies also that the shadow wage Z becomes very low when realized Income approaches the subsistence level. In the mode subsistence income is specified by using FAO minimum requirements for protein and energy intake.  

Equation 2

[image: image3.wmf](

)

(

)

1

1

max

subsistence

T

C

Cc

U

Z

U

TT

a

b

ub

a

-

-

××-

=-=

×-


Using specific functional forms has important implications for model outcomes. In the two-product case, the utility function applied by Angelsen and in our model is flexible; this means the elasticity of Z with respect to production and income can take values to be either above or below unity depending on the in fact realized level of income. This has of course an important effect on policy recommendations. The Cobb-Douglas type which assumes cmin equal to zero implies the net effect of an increase in agricultural productivity on labour allocation to be zero. Including more than two independent variables, the functional form losses flexibility; in this case a more sophisticated form like the Normalized Quadratic Expenditure System is more appropriate.
The commercial sector is assumed to act as a price taker in a perfect market. The commercial undertakings may encompass timber production, and tourism services. Commercial agents are assumed to maximize profits. In the initial modelling phase, their activities are depicted by Cob-Douglas Production functions. At a later stage, a more appropriate functional form shall be employed. The village model distinguishes different levels of interactions between agents, depending on price assumptions (factor and product prices are endogenously determined or exogenously fixed). 
The forest is represented by a logistic growth model (Brander and Taylor 1997, Clark 1990). 
Equation 3
 represents a common biological growth function considered in explaining net growth of natural resources like forest and fish stocks.
Equation 3
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The variable F represents the state of the resource at time t. The parameters r and k represent the intrinsic growth rate and the carrying capacity of the ecosystem respectively; thus net growth G is explained by r, k and the actual state of the resource F. In the model with a conservation management regime, it is assumed that total harvest of the resource may not exceed annual net growth G of the resource F, forest use in our case. This represents well-defined steady-state equilibrium, supposed to be the precondition of a potential certification scenario. The controller has to allocate the utilisation of the resource to different agents. This is specified by a weighted Benefit function. In the case of open access resource management - this means no environmental benefit is considered by the community - the equilibrium is defined at the point the resource rent becomes zero.
The management system may be controlled by a central or local government body or by any other regulating authority. To impede further deforestation and reduce human disturbance, the remaining forest fragments of the Kakamega tropical are managed by local and national organizations, namely Quakers Church QC, Forest Department FD, and the Kenya Wildlife Service KWS. The KWS does not allow extractive activities and charge a fee for visits to the forest. The QC and FD provide free access for different forest uses like grazing of animals on natural pastures, firewood extraction, and harvesting of grass for the thatch. After installation of the permit system, the local population primarily small-scale farmers continued to make use of forest resources. Management is more ad hoc action than based on scientific knowledge.
We distinguish three basic options for model simulations, the control model where the controller sets strict bounds to maximize social benefits, the cooperative model where agents maximize a joint objective function allowing for mutual compensation, and the non-cooperative model where each group maximizes its own private benefits (Sumaila, Angelsen and Kowero, 2003). A controller may consider multiple objectives, such as job creation, forest conservation, food security and export earning. These various aims will be captured by specifying functional relations for each of them.
We made first steps to model the complex village system by dividing the surrounding region into 6 Market Centres. We conducted a large-scale household survey in an area of approximately 12 km around the Kakamega forest. In 2005, 385 randomly selected rural households were interviewed. Questions cover agricultural and forest extraction activities, and basic demographic information.  Figure 2 shows the location of households interviewed; the figure also indicates the fragmentation of the Kakamega forest and the encroachment of agricultural land.
Figure 2  Household locations of interviewed household groups
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Source: own image prepared in cooperation with D. Mueller 2006
Since most products are transported by walking or by moving a bike, we assumed a trading area of about 7 km around a specific market centre shown in Figure 3. The travel distance to the market centre takes about 2 up to 7 hours, depending on the slope of the land and the quality of roads. 
Figure 3 Location of market centers around Kakamega forest
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3. Assessing the potential of the Jatropha energy system for sustainable Bioenergy production in remote rural communities

Apart from all the promising characteristics attributed to the Jatropha oil-bearing bush, only little systematic research has been done so far; most of the current projects are still in their very early experimental stage, thus many uncertainties and knowledge gaps still exist referring to the question whether Jatropha can be cultivated and used for biofuel production in an environmental, social, and economic sustainable way (van der Zaan 2008). Actual published agronomic data show huge deviations, especially with respect to the labour requirements during cultivation and harvesting. There is hardly scepticism with respect to the ecological advantages of the Jatropha tree. 


The plant is drought resistant, well adapted to tropical and semi-arid regions, it grows on marginal lands, capable to reclaim problematic lands, combats desertification by restoring the vegetative cover in degraded areas thus preventing erosion due to its unique root architecture of one taproot and four laterals (Muys et al. 2007). The tree is genuinely suitable for local conditions. It has traditionally been used as a hedge to protect the agricultural field and has various medicinal and hygienic applications. The Jatropha production chain results in some valuable by-products such as seed cake, and fruit husks used as fertilizer or heating material (Spaan et al. 2004, Jonschaap et al. 2007). Published cost benefit calculations generally reveal acceptable gains for small-scale producers (Henning 2004). These results however are highly aggregated numbers, not accounting for seasonal constraints of peasant families.  
Furthermore, it should be mentioned that Jatropha cultivation, oil extraction, and eventual production of biodiesel occur at different scales: at micro-scale or subsistence level, at smaller- or intermediate community farming and cooperative processing levels, and at larger-scale commercial agro-industrial level. The UN Department of Economic and Social Affairs stresses the need to examine ways in which different scales of production and use can operate simultaneously and how they can complement and benefit from each other. Research is also needed to take into account best practices. They point to the fact that at present a variety of projects (Multi-Functional Platforms MFPs) are experimenting with the Jatropha energy system for the improvement of livelihoods in remote rural communities. In this respect, research is needed to understand the impacts of different energy crop value chains on population groups and the environment. In rural areas biomass collection to meet energy needs is largely undertaken by women and girls who spend many hours each day collecting fuel wood incurring risks of accidents. Jatropha seems to be a low-cost alternative energy source for local the poor. For good yields, an average rainfall of about 900-1200 mm is desirable. Thus, with an annual rainfall of 1200-2000 mm, conditions for Jatropha production may also be suitable in the Kakamega district without further irrigation. Figure 4 indicates the most appropriate climate conditions for growth of Jatropha, ranging between 30°N and 35°S, including the Oil palm belt between 4°N and 8°S (see Jongschaap et al. 2007).  
Figure 4 Jatropha Curcas belt
[image: image7.png]Physical Map of the Warld. April 2001





More recently, life-cycle analysis is performed to the complete Jatropha production chain (Prueksakorn et al 2008). The Net Energy Ratio (NER) in Jatropha biodiesel production is calculated to yield an average NER of about 6.03; this number means energy output exceeds energy input about 6 times. The highest energy gain, a NER of 11.99 could be attained if the valuable by-product, the seed cake is also used as a fuelstock. However, seed cake provides a favourable fertilizer for degraded soils substituting for expensive chemical fertilizers. Figure 5 shows the production chain, and illustrates a number of alternative uses of Jatropha oil, seed cake, and further valuable by-products. The Figure also shows possible value chains for small-scale production in rural communities. In our model we will focus on these options for small-scale producers. We made first steps to combine various sources of data, most of it stemming from field studies in sub-Saharan Africa. This information provides the basis for specification of alternative Jatropha production and processing activities. As mentioned above, data vary significantly and by and large does not provide necessary agro-economic information. The mathematical activity model is able to illustrate the impact of these divergent assumptions on the allocation of production factors and reveals some interesting results.



Figure 5 Jatropha production chain
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Source: adapted from van Eijck and Romijn 2008 
First of all, the energy equivalent of firewood and plant oil has to be calculated. Basic assumptions of calculations are summarized in Table 1. Family labour spent to collect fire would is assumed to require 35 days per month; this corresponds to the estimate that a household spends on average one third of total labour for firewood collection. Considering furthermore that 2 kg per head and day are consumed on average, a 6 person household needs about 4380 kg firewood per year; thus about 15 kg have to be collected per day. Henning reported the productivity of Jatropha hedges in Mali ranges from 0.8 – 1.0 kg of seed per meter of fence. This is equivalent to 2.5 – 3.5 tons per hectare and year (a low productivity assumption). According to calculations done by Mühlbauer and colleges, total energy need for one person is equivalent to 55 litre of Jatropha oil per year (Mühlbauer et. al. 1998). Basing on the yield data for Mali, this quantity can be harvested on an area of about 0.06 ha (corresponding to a hedge of 175 m in length), thus an area of 0.36 ha and about 1000 m hedge is necessary to cover the energy demand of an average household (assuming a lower extraction rate of 20%, this would require 0.55 ha land). It is further supposed that 3 kg of seed can be collected per hour (Henning 2004). Alternative sources estimate a quantity of 80 kg seed that can be picked by a field worker per working day (Flambert 2006 cited in van der Zaan 2008). To compare productivity, working hours per working day have to be known. In the literature, deviant information is given with respect to the harvest period of Jatropha seed. While experts expects a more or less continuous maturation and picking of the seed in Peru (van der Zaan 2008), various case studies for Africa find that Jatropha seed is harvested during the dry season. This reduces labour bottlenecks since agricultural labour requirement for field crops will be off peak after crop harvest (Tigere et al. 2006). The dry season in Kakamega lasts from November to the end of February. Altogether, 167 working days are spent to harvest 1 ha Jatropha seed assuming 6 hours working per day. In addition, 1.5 hours are needed to extract one litre of oil by hand press; depending on the extraction rate this corresponds to 174 and 144 working days per year respectively needed to satisfy the household’s energy demand. In comparison and based on the assumptions mentioned above, firewood collection requires about 300 working days. This means, calculated on a monthly base, half of family labour can be saved by producing plant oil as a substitute for firewood. In a second step, land availability for Jatropha planting has to be evaluated. Model simulations reveal that cropping land needed for subsistence food production poses a binding constraint for the farm household. If we suppose as an alternative to the use of own cropping land that community land such as hedges surrounding the homesteads is available, Jatropha will be cultivated until seasonal labour becomes binding. The activity level surely depends on assumptions on the labour profile. The model allows farmers to respond to new technologies by changing existing agricultural activities like different production activities of cattle husbandry; as a consequence, additional income opportunities could take more pressure on forest land, actually used for labour intensive pasture.
Table 1 Assumptions to calculate firewood substitute
	
	Firewood collection
	Jatropha oil production

	Labour days per month 
	25.3
	12 (14.5)

	Fuelstock per year and household
	4380 kg (2 kg /head/day)
	330 litre

	Seed Yield kg/ha 
	
	3000

	Oil Yield l/ha , extraction rate 0.3 (0.2)
	
	900 (600)

	Area required in ha/year 
	
	0.36 (0.55)


3. Results and Discussion

First results are indicative of the importance of the forest as an income source especially for the poorest farm household groups surrounding the Kakamega forest. As consequences of banning any forest extraction activity, losses of these incomes in kind would be substantial for the households. In the benchmark scenario, which depicts the current production structure availability of seasonal labour, is the binding constraint for these households. This result is caused largely by long travel distances to the market taking about 2 up to 7 hours. Thus, converting forest land for crop production does not seem to be an option for the rural poor. Alternative income opportunities and various energy sources may lessen pressure on forest. This result could be further substantiated by analysing more refined alternative cropping activities like Jatropha. Also with respect to labour shortage, this energy plant yields improvements by allocating it more equally over the entire year if harvest of Jatropha seed is more or less equally distributed within the year, alternatively, labour peaks in Jatropha harvest appear in the dry season where labour is in excess. Depending on land availability, firewood extraction completely dropped out; in any case it declined due to the more favourite labour conditions in the Jatropha energy production process. Furthermore, the model has been extended to evaluate potential advantages of value chain development for local Jatropha production and processing. In a first step, seed production and oil processing has been distinguished. Since seeds can be stored and processed in a different month, this reveals further advantages for the farm household. In addition, seeds were sold if time for processing and value addition was binding. However, alternative utilization of oil and by-products still has to be integrated into the village model. Another point concerns the risk of insecure property rights when labour is invested in community land activities. All these aspects can be covered by the planning model and will be included in further steps.
A second outcome revealed by the first results indicates that those farm households that partly produce cash crops are far less dependent on forest extraction activities. Their farms are located more distant to the rain forest. In addition, the marketing of cash crops generally is done by processors and, therefore, does not require additional labour input. However, these households do not refrain completely from extracting forest products such as firewood and having their animals graze on community land. Whether Jatropha can displace cash crop production like tea and sugar cane has to be further evaluated by comparing their returns to land and labour. Our preliminary findings suggest that forest management schemes should account for the relatively strong divergence the various farm household groups place on the values of the different forest products. Payment-for-environmental-services schemes (FAO 2007) should take these different opportunity costs into account. A part of the rent of this common property resource should go to the government for compensating disadvantaged groups and transferring capital to sustainable production alternatives. Preliminary shadow values of agricultural land support conservation of the remaining tropical rainforest fragments. Pure economic gains are marginal compared with potential future gains resulting from conservation. 
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The World Bank Study “Counting on the environment”, illustrates the importance of forest environmental income for the rural poor (WB 2004). 

It is mentioned, that forest income has a strong and significant equalizing effect on local income distribution. 

The main sources of environmental forest income are fuel wood, wild foods, and fodder for animals. Cash income constitutes about half of total forest environmental income. This means, a significant share of collected forest products are not used by the family but sold on local markets. 

The World Bank study recommends the development of simple analytical models to analyze the role of environmental income in rural livelihoods.

The figure illustrates the rough structure of the quantitative model,

developed to calculate the shadow value of land and forest use activities.

We  represent the monthly decisions on production and forest extraction activities, storage,  consumption and transport of the representative farm HH.

Monthly decisions are meaningful 

Different farm types have different transaction costs

Transport is an essential and time-consuming activity, from our experience, the availability of labor in  a certain month may often be a binding constraint.   










