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I. [bookmark: _Toc462771425]Introduction
Agriculture is an important activity in Guyana where it serves as a basis for sustaining rural livelihoods and domestic food security, and is an important source of foreign exchange earnings. Agriculture is responsible for 18% of Gross Domestic Product (GDP) and 20% of overall employment, reaching up to 70% in rural areas (Government of Guyana, 2012). Agricultural land use is around 1.74 million hectares, however, only 200,000 ha of this area is considered to be used effectively with adequate drainage and irrigation; non-traditional crops occupy about 40,000 ha of this area. It is estimated that an additional 3.3 million hectares could be brought into productive use. 
[bookmark: _GoBack]Guyana’s National Land Use Plan estimates that 68% of Guyana’s land surface has soils suitable for agriculture (Ministry of Agriculture, 2013). Traditional agricultural crops are sugarcane and rice while non-traditional crops which are increasing in importance are coconut, cassava, orchard species, vegetables, botanicals and herbals. Fisheries, livestock and small ruminants are also important. Agriculture is highly concentrated geographically, with the exception of cassava, on the narrow strip of coastal plains.
Non-traditional agriculture is similar in input use to subsistence farming in Guyana, and is small scale, uses low technology and is highly labor intensive (Government of Guyana, 2012). Agricultural productivity is generally low, even for Guyana’s most important export oriented crops, namely rice and sugar. Small farmers are responsible for the production of most of the fruits, vegetables and grains; yield of crops such as corn, beans and small scale rice production are 40% lower than that of its Caribbean neighbors and 60% lower compared with the rest of South America. 
Guyana’s vision for agriculture by 2020 is to transform agriculture from a subsistence-based activity to a source of wealth generation and entrepreneurial innovation to produce food and non-food commodities to meet local and export demand (Ministry of Agriculture, 2013). Previous efforts have focused on the 5-C’s (citrus, cassava, coconut, cocoa and cattle) while more recently, efforts have been on the 4-Ps:  pepper, plantain, pineapple and pumpkin. The Ministry of Agriculture’s (MoA) latest Agriculture Strategy (2013-2020) is pursuing an F-5 approach which emphasizes: food security; fiber and nutritious food; fuel production; fashion and health products, and; furniture and crafts. 
To assist Guyana in achieving the goals set forth in its Agriculture Strategy, the Inter-American Development Bank is supporting the Government of Guyana with GY-L1060, the Guyana Sustainable Agricultural Development Program. The main objective of the US$15 million program is to increase the productivity of the agricultural sector while maintaining a sustainable and climate resilient use of natural resources. Impacts will be achieved through a combination of institutional strengthening, research, extension and support to farmers for technology adoption. It is expected that higher productivity will also reduce pressure on forests and fragile ecosystems, and at the same time, increase incomes for small and medium-sized farmers. Activities will be concentrated in Region 5, 9 and 10, where agricultural potential and availability of natural resources is greatest. 
The Program is organized in three components: 
Component 1: Generating information for evidence-based policy making and natural resource management (US$4.170 M). This component will include the review and design of an appropriate Agricultural Information System (AIS), including the preparation and implementation of an Agricultural Census;; strengthening of the Monitoring and Evaluation capabilities of the MoA; identification of buffer zones for sensitive wetlands (with potential to designate a RAMSAR site) in Region 9; and identification of water catchment sites for improved natural resource management and climate change adaptation in Region 9.
Component 2: Strengthening of the agricultural innovation and extension system (US$6.398 M). The program will finance the establishment of agriculture centers, to contribute to local and regional development, including technology transfer, demonstration and training. Two centers have been identified by the MoA: (i) Lethem/Manari (Region 9); and (ii) Ebini (Region 10). In both sites, the program will finance infrastructure (new infrastructure and upgrades to existing buildings), equipment and technical assistance. The infrastructure will be used for research, training and extension. Land is owned by the government and will be provided by the MoA. Research/demonstration programs, identified through a prioritization exercise, will be implemented in collaboration with national and international centers. These programs will identify specific beneficiary groups, technology packages and monitoring and evaluation mechanisms. Research activities will focus on reducing vulnerability to climate change through multiplication and conservation of genetic material, including drought resistant varieties and protection of traditional knowledge as local adaptation strategy. 
Component 3: Support for compliance with sanitary and phytosanitary standards (US$2.80 M). Access to markets and infrastructure will increase the value and sales volume of meat and other high value products. To this end, the program will finance: (i) the review and update of standards and codes related to products destined for export markets as well as local markets, both current and potential; (ii) the implementation of pilot facilities (infrastructure and equipment) for meat in regions 9 and 5 to evaluate the feasibility and unit costs of complying with standards; and (iii) training and technical assistance for the Guyana Livestock Development Association (GLDA) and other producer associations.
In addition to the three components, US$1.632 M is allocated to management, auditing, and monitoring and evaluation. Operations and maintenance costs of the facilities are considered in the cost benefit analysis presented herein and assume a 4% cost applied to the value of infrastructure upgraded or constructed for the period of analysis (2017 to 2040). 
This Economic Analysis evaluates the economic viability of GY-L1060 and is organized as follows. The next section provides a brief overview of the beneficiary regions. Section II offers a review of the evidence on the economic impacts of agricultural research and extension. Section III presents the two-stage methodology to the assessment which consists of a break-even analysis and cost benefit analysis based on a survey-driven characterization of the current agricultural system 1 and hypotheses about a potential future system 2 state with Program interventions. Section IV provides an overview of the anticipated benefits of the Program and Section V reviews the costs. Section VI reviews the results of the two-staged analysis and offers a sensitivity analysis of the results. Section VII closes the report with key findings. 
[bookmark: _Toc462771426]An Overview of Beneficiary Regions
[bookmark: _Toc462771427]Region 9.
Region 9, also known as the Rupununi, Upper Takutu-Upper Essequibo is Guyana’s largest region, occupying one quarter of the country’s terrestrial land mass. Region 9 has a population of over 24,000 divided into three Amerindian tribes, namely the Makushi, Wapishana and Wai which reside in 33 settlements. In general, over half of the families in the region engage in mixed farming as a principal livelihood activity with both subsistence and cash-based activities. Mixed farming includes cassava, peanut, banana, and other fruits and vegetables. Other economic activities include the harvest of non-timber forest products, wildlife and timber, and the production of crafts and mining. 
There is potential for agricultural expansion in the region; a 1963/1964 soil survey undertaken by the Food and Agriculture Organization of the United Nations (FAO) on 18,965 m2 of the region classed 1% of the surveyed area as good to moderate agricultural land with another 49% classified as poor but with potential for fertilization and cultivation. Average rainfall varies considerably throughout the region, though the long-term annual average is about 1,500mm. The average monthly temperature is 31ºC. In terms of surface water, 30% of the rivers have consistent flow throughout the year, while many others flow seasonally with good potential for water capture for agricultural purposes. Groundwater data for the region is generally lacking. With regard to vegetation, half of the region is covered with lowland mixed forests scattered about the savannah, and mountainous mixed forests which occupy the hillier terrain (FAO, 2013). 
Cassava is the main agricultural good produced, though it remains largely a subsistence crop and activity. Cassava production technology is rudimentary in all of its aspects with almost no inputs used for fertility or pest control. Total cassava production across Region 9’s sub-districts totals 2,036,628 kg over 182 hectares for a yield of around 11.2 tons per hectare[footnoteRef:1]. Peanut is the region’s second crop and also has commercial importance. The potential impact of agricultural extension is demonstrated through the experience with peanuts in the region which was promoted by USAID through a six year Peanut Collaborative Research and Support Program from 2002 to 2007. The extension program emphasized improved productivity, storage and production systems. Various technologies were introduced including those related to pest management, crop nutrition, land preparation and mechanization. In the absence of formal statistics, it is estimated that the peanut program helped increase yields from 1.3 tons/ha to 3.1 tons/ha (Haire, 2007).  [1:  FAO’s estimate of acreage is based on the assumption that 52% of households cultivate 0.2 hectares per year. ] 

Rice production was introduced in the 2000’s with some pilot projects initiated. While initially introduced at a medium scale, farmers have since been encouraged to cultivate independently smaller plots. There are a number of challenges to be met if rice production is to continue and increase, including addressing availability of planting material and maintenance of equipment. Santa Fe Farms is the one large farm in the region, sized at 10,000 acres; it plants rice and raises large and small ruminants. 
Vegetable cultivation is concentrated east of Lethem, though cultivation has fluctuated and perhaps declined since improvement of the Linden to Lethem road. Pumpkins, bananas, corn, blackeye pea, beans and peppers are cultivated. In terms of orchard species, cashew, mangos, avocados and citrus may be found in the region, though little effort has been made to establish organized orchards despite apparently good potential for production.
Livestock follows an extensive grazing system of rearing cattle. Pigs, poultry and small ruminants are generally fed crop residues. FAO (2013) classifies the livestock systems in the region as grazing, mixed farming and intensive. The extensive system has animals requiring up to 2 ha per animal unit and at least 5 years to reach a market mature weight of 350 kg. These extensive systems pose problems such as high mortality, poor gains and theft. Nonetheless, these systems are an important component of Amerindian livelihood strategies and there are a number of large operations in the region, despite declining numbers. 
Cattle systems are low technology with little use of improved forage; productivity is consequently also low and certainly poor when compared with improved pasture systems in neighboring Roraima, Brazil. Live weight on Guyana’s side of the border is 400 kg at 5 years compared with 407 kg at 3 years. The stocking rate is 1 animal units per 25ha in Region 9 compared to 0.72 animal units per ha in Roraima (FAO, 2013). Beef production in the region is reported as 8,220 kg/month, though the actual figure could be higher due to animals slaughtered outside of proper facilities and therefore not recorded. 
Small ruminants, primarily sheep, are second in importance to cattle in the region as an income activity, marketed largely to the coastal region. As with cattle livestock, these systems use low technology and inputs. A reported 400 kg of mutton is slaughtered per month along with 122 kg of goat. The savannah pig, once more popular, is in decline due to its destructive grazing habits and uncleanliness. Approximately 350 kg of pork is slaughtered per month. Creole fowl on the other hand is a critical source of eggs and meat in all of the villages of the region. Production could be scaled up if sources of feed could be enhanced (FAO, 2013). 
[bookmark: _Toc462771428]Region 10.
Region 10 is also known as the Upper Demerara-Upper Berbice; it has 17,040 km2 of territory and is situated south of the Coastal Plain which is between 150 to 250 km wide. Topography is relatively flat to undulating with hillier areas to the south and west. The region forms part of the Hilly Sand and Clay and Highland Forest zones of Guyana. Vegetation cover ranges from open savannah to a rather sparse scrub savannah with what appears to be typical forest subclimax vegetation. The soils are mostly coarse-textured, ranging from sands to sandy loams, and are characterized by low cation-exchange capacity, high percent aluminum saturation, low base saturation, and low available phosphorus and most of the other nutrients. They are low in organic matter and structurally highly unstable (Simpson, 2016). 
The regional climate is a tropical humid lowland climate with a 19ºC minimum and 32ºC maximum temperature and annual precipitation around 2,250 mm with a marked rainy season from April to July and October to December. The Essequibo, Demerara and Berbice Rivers dominate surface water supply while groundwater resources are also known to be abundant in the north and east of the Region. The Dakoura Creek Watershed is particularly important as it replenishes Region 4’s freshwater supply as well as most of Guyana’s coastline (Ministry of Communities, 2016). 
Region 10 has a population of 39,452 with 10 Amerindian settlements. Seventy percent of the population resides around the town of Linden where 29,232 people reside (Bureau of Statistics, 2016). Eighty-five percent of the food consumed in Region 10 is imported and there is no large scale agricultural production in the region with small scale cash crop farming concentrated on the Demerara River, around Linden, Moblissa and in the Intermediate Savannah. Low levels of agricultural productivity are reportedly due to lack of appropriate technologies and unclear land tenure. 
Despite current low levels of production, the area has good potential for expansion given the abundance of land and the absence of flooding. The Intermediate Savannahs of Region 10 are recognized as the second major frontier for agricultural expansion in Guyana. The Savannah spans 292,038 hectares, 87,000 of which has brown sandy, well drained soils and known to be easily mechanized and responsive to fertilizer. Traditional crops in the area include black eye peas, cabbage, eggplant, hot peppers and bell peppers. Traditional fruit are pineapple, carambola, mango, orange, lime, grapefruit, guava, cherry, avocado, sapodilla and passion fruit.  Nontraditional crops with strong potential are broccoli, cauliflower, sweet corn, cantaloupe, butternut squash, zucchini, iceberg lettuce, while other crops with potential are maize, peanut, soybean, cowpeas and pigeon peas (Ministry of Communities, 2016). 
[bookmark: _Toc462771429]Region 5.
Unfortunately, there is little published information available characterizing Region 5. What is documented is that Region 5, also called the Mahaica/Berbice, is responsible for almost 50% of national rice production, 30-35% of livestock and 10-15% of national sugar production (Ministry of Agriculture, 2013). The population of Region 5 is 49,723 (Bureau of Statistics, 2016). 
[bookmark: _Toc462771430]II. The Role of Research and Extension in Elevating Farmer Productivity; A Brief Review of the Literature
An early study by Birkhaeuser et al (1991) evaluated two studies on the effect of extension on knowledge diffusion, 8 studies on the impact resulting from adoption of improved technology, 15 farm level studies evaluating productivity impacts where extension was defined as a farm level variable, 9 studies used an exogenous extension variable, 10 productivity studies using aggregate output and extension variables, five studies analyzing the impact of extension on farmer profits. In summary, 36 of the 48 studies reviewed by the authors show a significant and positive extension impact, though there was some variability of the results in terms of some areas or crops of a particular study exhibiting a positive extension impact, while others within the same study did not, with little explanation of potential causes of this variability. This early study identified some methodological problems in the studies reviewed, including endogeneity in observed extension and farmer interaction, inter-farmer information flows and non-random placement of extension efforts. Birkhaeuser (1991) conclude that while there is a clear positive impact of extension, whether or not these activities are profitable remained at that time an open question due to a lack of research in this area. Those studies that did estimate returns to extension found generally high rates of return to the investment in both developed and developing countries (Birkhaeuser et al., 1991). 
While agricultural research and extension may be shown to improve productivity, from a policy and investment perspective, it is critical to also consider costs and economic returns of interventions. Of the studies reviewed by Birkhaeuser et al (1991), eight of the studies undertook analysis of net returns to agricultural extension for 4 countries and one was a multi-country study. Another challenge to evaluating net returns to agricultural extension is that benefits and costs are distributed over time, where estimates of benefits usually occur at one point in time. Assumptions about how these benefits are distributed are therefore necessary. Of the studies evaluated, one study of extension impacts in the United States indicates returns of over 100%, though returns were differentiated by crop. The multi-country study in Latin America reported high returns (above 80%) to extension efforts in cereals and negative returns for staple crops. Analysis conducted in various localities in Eastern Brazil show rates of return ranging from 13% to over 500%, while other studies in India show returns that hover around 15%. Returns to cereals extension in Africa and Asia were 34% and over 80%, respectively and over 80% for both regions where staple crops are concerned (Birkhaeuser et al., 1991). 
Romani (2003) evaluates the impact of agricultural extension on productivity using a panel sample for Cote d’Ivoire between 1997 and 2000, controlling for farmers’ unobservable characteristics with individual fixed effects. The author finds that extension services have generally been favorable for agricultural production, though the impact differed by crop. The impact of extension on production was found to be in the range of 30% improved yield, which Romani (2003) states is consistent with the literature on the short run impacts of extension on crop production. 
The World Bank’s Independent Evaluation Group (2011) analyzed 86 impact evaluations conducted between 2000 and 2009, 17% of which were for Latin America and the Caribbean. The greatest proportion of these focused on land or extension interventions and to a lesser degree, market arrangements, irrigation, natural resources management, input technology and microfinance. The review found that 62%, 42%, 56% and 87% of interventions had a positive impact on yields, income, production and profit, respectively. In terms of the constraint addressed, it was found that 63% of the interventions that focused on output and post-production processes had a positive impact, 61% of those addressing access and quality of inputs and 61% addressing farmer knowledge had positive impacts, while 37% of the studies that addressed the quality of land and farm resources had a positive impact. The review concludes, however that the evidence on the impact of agricultural interventions is thin, while the diversity of approaches and indicators used poses a challenge for reaching strong conclusions. This heterogeneity of methods and indicators also inhibits the application of meta analytical techniques (Independent Evaluation Group, 2011). 
An IDB (2010) Development Effectiveness Overview reviews the evidence on the effectiveness of interventions in the agricultural sector. In the area of export promotion, sanitary and phytosanitary measures have contributed positively in a number of cases reviewed including that of Peru’s National Agrarian Health Service (SENASA) by opening market access through compliance with international standards. In addition, interventions that involve establishing agro-processing facilities can be effective in creating market linkages between rural and urban areas. In some country contexts like that of Guyana, these facilities may not be established when left to the private sector. Where poverty reduction and rural development are keystone to agricultural interventions, investments in these settings may be considered a public good. There is, however, little empirical evidence on the impact of public investment in these facilities (Inter-American Development Bank., 2010). 
Cavatassi et al (2012) evaluate the Plataformas program in Ecuador which aimed to reduce transaction costs for famers by providing support to meet the needs of high value markets and direct marketing. Training to farmers was provided through farmer field schools for enhanced productivity and integrated pest management. Results of the evaluation show that the program improved the welfare of farmers by increasing yields and gross margins. These benefits were achieved through larger harvests, a larger share of the harvest being sold, and higher sale prices on the order of 30% higher than pre-intervention. Although the improved production systems had costs associated with them, the increased income more than offset these additional expenditure (Cavatassi et al., 2011). 
Owens et al (2003) assess the impact of farmer contact with extension services on farm productivity using a panel data of households in three areas of Zimbabwe, controlling for selection and placement bias. The authors find that controlling for innate productivity characteristics and farmer ability with fixed effects estimation, extension services, defined as up to two visits per year, raised crop production by 15%. The authors did detect, however, variability in estimations across years in their longitudinal sample (Owens et al., 2003)
A study by Salazar et al (2015) evaluated ex-post the impact of Bolivia’s CRIAR program (Program for Direct Support of Rural Agricultural Initiatives). CRIAR aimed to increase smallholder food security and income by promoting technological adoption by means of non-reimbursable vouchers that financed 90% of the cost of a technological package provided to farmers. To control for participant endogeneity, an instrumental variable approach was used. Results from the analysis show that the annual value of production per hectare was 92% higher compared to the control group. The value of farm output sold in markets was 360% higher, net annual agricultural household income was 36% higher, and per capita income was 19% higher. Overall, participation in CRIAR was found to increase the probability of household food security by 32% (Salazar et al., 2015). 
The Dominican Republic’s Program for Technological Support in the Agricultural Sector (PATCA) provided support for agricultural extension services for growing crops, livestock breeding and milk production, as well as improved health and food safety, and assistance for institutional reforms. An impact evaluation of PATCA’s extension component using propensity score matching showed that productivity of rice producers and animal breeders was enhanced (Gonzalez et al., 2009). 
Farmer field schools, originally introduced in East Asia in the 1980s have become an important approach to reaching farmers and promoting technological innovation. Results from impact evaluations of field schools have been mixed and generally complicated by inadequate control for differences between participants and non-participants. Gotland et al (2004) conduct an impact evaluation of potato farmers in Peru testing the impact on farmer knowledge through a test score compared with a comparison group identified through propensity score matching. 
Gotland et al’s (2004) study showed that participating farmers demonstrated considerably more knowledge of the subject matter, integrated pest management, than did non-participants. Since the study was conducted while the farmer field school was in its first year of operation, it was not possible to ascertain impacts on yields. Nonetheless, by examining cross-sectional variation in the subsample of non-participating farmers, it was found that knowledge of integrated pest management was positively correlated with yields, with simulations showing that field schools had the potential to raise productivity by 32% (Godtland et al., 2004). 
Praneetvatakul and Waibel (2006) develop a two and three stage difference in difference model to assess the economic and environmental impacts of farmer field schools on crop and pest management of rice farming in Thailand. Results showed that participants tended to retain their knowledge and continue to implement the integrated pest management strategies disseminated compared with non-participants who applied chemical pesticides with little knowledge on the adequate dosage. While the environmental benefits from integrated pest management were clear, direct economic impacts were difficult to measure due to small potential gains in yield and the small expenditure on pesticides as a share of total farm production costs (Praneetvatakul and Waibel, 2006). 
Evenson (2001) reviews empirical studies that estimate the impacts of agricultural extension and applied research. The emphasis of the review is on farm-level, cross sectional studies and on aggregate farm production data for a region. In attempting to draw stylized facts from these studies, Evenson (2001) cautions that the impact evaluation literature should not be interpreted as a representative sample of research and extension programs due to selectivity bias where unsuccessful evaluations are less likely to be published, while successful programs are more likely to be evaluated. Nonetheless, the evidence is based on a large proportion of all agricultural research and extension programs, while the analysis of aggregate programs covers both successful and unsuccessful ones (Evenson, 2001). 
Evenson (2001) draws some preliminary conclusions from the studies evaluated: studies that estimated internal rates of return above 40% were typically interventions in the area of prevention science, private sector research, and research on rice, fruits and vegetables. Interventions that were research oriented tended to generate higher internal rates of return when compared with extension activities. Commodity-specific research programs produced higher rates of return than aggregate research programs (Evenson, 2001).
In a comprehensive study by Alston et al (2000), the authors review 289 studies on returns to agricultural research and development; annual rates of return were on average 65%, with 80% for research, 80% for extension, and 47% for research and extension programs combined. Variation across studies was found to be attributable in large measure to assumptions about lag lengths and the nature of how research induces a shift in agricultural supply. The authors find that even after extracting outliers and those studies that did not include sufficient information on all explanatory variables, the range of rates of return was still large which rendered it challenging to explain differences in a systematic way. 
Nonetheless, Alston et al (2000) report that a few stylized facts emerged, namely: (i) rates of return do not appear to be declining over time; (ii) higher rates of return are found in more developed countries; (iii) rates of return vary according to crop; (iv) lower rates of return are associated with those studies that involve both research and extension, and; (v) even lower rates of return are associated with studies that focus only on extension (Alston et al., 2000b, Alston et al., 2000a). 
Pardey et al (2006) investigate the issue of attribution in agricultural research and development, examining how to attribute credit for increased yields using Brazil’s research expenditure on varietal improvements in rice, beans and soybeans between 1981 and 2003. In summary, the authors make explicit to which institutions they attribute the research undertaking and the benefits generated by the research. The authors also consider what would be reasonable assumptions about yield trajectories in the absence of the research. Beyond an estimate of the attribution of benefits to Brazil’s agricultural research institution, EMBRAPA, the authors demonstrate the importance of accounting for international and institutional spillovers in research, as well as transparency in the estimation of returns to research where explicit decisions are required and in some instances, there may be no empirical basis for a particular choice (Pardey et al., 2006). 
[bookmark: _Toc462771431]Approaches to Ex-ante Economic Evaluations
Ex-ante economic analysis of direct investment in agricultural research programs may be desirable, though time and resources during project preparation are a challenge that can impact the depth that such analysis may achieve. There is also little justification for conducting ex-ante economic impact analysis for those agricultural research and extension programs that focus solely on institutional development. While GY-L1060 has numerous investments targeting institutional development, a core goal is in developing research and extension to enhance farm productivity. As such, ex-ante economic analysis provides a structured approach to evaluating the investment decision and where data limitations are a serious constraint as in the case of Guyana, break-even analysis can help set realistic expectations. A few recommendations on the design of ex-ante economic analysis arise from an AKIS World Bank (2000) study:
First, agricultural research and development interventions should not be evaluated individually, but should consider all programs with similar goals, including those programs funded by others than the concerned institution. In the case of extension, it is possible to evaluate extension separately from research programs, particularly where technologies have been available for some time, though technology adoption has been low. Agricultural extension efforts may be evaluated through measures of cost effectiveness or unit cost for reaching a farmer or hectare affected. Break-even analysis is useful to show the minimum impact required to justify expenditure and may be used for extension activities, entire research programs or the specific investment of interest (World Bank, 2000). 
During project preparation, it is recommended that the analysis focus on retrospective technology adoption and impact studies that demonstrate where the proposed technology has been successfully implemented elsewhere, and; case studies that are based on existing information and field oriented studies. The approach to the economic analysis should follow the logic of the economic surplus method which includes cost benefit analysis (Masters et al., 1996). Finally, while there is a tendency to simply use the analysis to justify an investment with a focus on one ‘answer’ (e.g. net present value), the economic analysis should develop a framework which can be used for testing assumptions, conducting scenario analysis and be used on an ongoing basis to evaluate investments, their costs and potential benefits subject to available information. It is both beneficial and recommended if this capacity is institutionalized within the relevant government ministries and not serve only as an external activity (World Bank, 2000). 
In designing an ex-ante analysis, there are a number of issues to take into account in the study design, including: geographic and vertical spread of benefits; intervention impacts on product quality; challenges related to quantifying benefits of investments in institutional strengthening; research externalities; the range of research and interventions which can be difficult to quantify; time lags in perceived benefits and how to incorporate these in the absence of theory; uncertainty in the outcomes of research; difficulties in estimating costs of research and extension and allocating these to particular crops or systems; separating project and non-project benefits; 
Specifically with regard to time lags, there are three lags that should be considered: a research time lag which is the time between research expenditure and the release of the technology; the adoption uptake phase, and; the depreciation phase which is the time it takes for the new research to be obsolete. Rules of thumb that have been used in various analyses are: a lag of 3 years for extension; 6 years for adaptive research; 15 for applied research, and; a 25 year lag for strategic research (World Bank, 2000).
The primary method used in ex-ante economic analysis is the economic surplus method, where adoption of a new technology reduces unit costs of production, shifting the supply curve to the right thereby increasing consumer and producer surplus. By considering the costs of the technology, net present value, internal rate of return, benefit-cost ratios and other indicators may be calculated. Where the analyst is not necessarily concerned with the distribution of benefits between consumers and producers, cost benefit analysis can generate reasonable estimates of economic benefits. In this case, it is assumed that demand is infinitely elastic and supply is inelastic or vice versa. To compare and rank various research programs, an efficiency index may be estimated which is a function of the adoption rate, the cost of the project, the price of the commodity, and the quantity of production affected by the project (World Bank, 2000, Winters et al., 2010).
In the case where benefits are not easily measured in monetary terms, cost-effectiveness analysis presents an alternative where benefits are measured in nonmonetary terms such as the number of farmers trained, compared to the cost of farmer training. This approach is used to compare different approaches to obtaining an output at the lowest cost. The result is the cost effectiveness ratio which is the ratio of cost per unit of benefit. Where the intervention acts in several areas such as improved information, farmer education and technology development, a weighted cost-effectiveness analysis may be undertaken. Finally, where the benefits of the investment are unknown or there is little basis for their estimation, a break-even analysis may be undertaken where the minimum benefit required for the investment to be viable at a particular discount rate and distribution of benefits and costs is estimated (World Bank, 2000).  
Sensitivity analysis is important across approaches where the variables most important to an intervention’s economic feasibility are identified and their influence estimated. The switching value approach may be used to estimate the value at which an intervention’s NPV becomes zero, and is specified in terms of percentage change in the value of the variable for which the intervention NPV is equal to zero. The switching value of variables is presented in order of declining sensitivity. Where variables vary together, the sensitivity of NPV to changes in combinations of those joint variables is estimated (World Bank, 2000). 
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The ex-ante economic evaluation of GY-L1060 was undertaken in two stages[footnoteRef:2]. In the first stage, a break-even analysis was conducted in an optimization and cost benefit analytical framework to estimate the minimum level of economic benefit per adopting farming household required for the net present value (NPV) of the Program to be equal to zero. A 12% discount rate was used and the period of analysis was 2017 to 2040. Costs follow directly from the Project Management Report and include: Program costs estimated in the design stage, and; operations and maintenance costs of the agricultural research centers, extension activities, the meat processing facilities, and the opportunity costs of farmers’ time spent participating in agricultural extension and training programs. Key assumptions in the analysis are: the technological adoption ceiling which is the proportion of farmers that will eventually adopt the technologies, assumed to be 20% of the 5,000 targeted farmers, and; the adoption path which is assumed to follow a logistical functional form.  [2:  A third stage of analysis is also proposed, but requires significant additional time to enable processing and stratification of the data. This stage of analysis involves calibration and simulations with the Multi-Dimensional Trade-Off Analysis model (TOA-MD). This approach is considered to hold promise for future ex-ante economic analysis of agricultural interventions and is described in Appendix A. The GY-L1060 team will continue working with the farming household survey data to effectively calibrate TOA-MD; one outcome of these efforts will be an IDB Working paper offering guidelines to ex-ante economic analysis of IDB-supported agricultural interventions.  ] 

The second stage of the analysis used the farming household survey undertaken in July of 2016 (discussed further below) to characterize the current agricultural system across Regions. The current agricultural system will be referred to throughout as system 1. System 2 is the agricultural system the Program aims to achieve. Key variables to characterize the systems include: farm size, crop/livestock yield, crop/livestock prices and variable/fixed farming costs. To characterize system 2, Guyana’s national average yields achieved for the chosen crops and livestock were used. The opportunity cost of farmers’ participation in training as well as the costs associated with shifting to system 2 were considered in the analysis. This data was used to estimate economic benefits which were then used in a similar cost benefit analytical framework as in the break-even analysis. Three scenarios were evaluated: an average scenario, an optimistic scenario and a pessimistic scenario, each describing assumptions about system 2 percentage of national average yields achieved. Assumptions driving the results are a function of the characterization of system 2 in terms of crop/livestock yields and areas, the adoption ceiling and the rate of adoption. 
[bookmark: _Toc462771434]Break-even Analysis
The approach to the break-even analysis involves the development of a spreadsheet model in MS Excel and an optimization routine built into the spreadsheet with the MS Excel add-on ‘solver’. The model is used to vary the value of the ‘benefit’ parameter such that the NPV of this parameter multiplied by the number of adopters in each year, net the Program investment, operations and maintenance costs and opportunity cost of farmer time, is equal to zero. NPV is calculated over the period of 2017 to 2040 using a discount rate of 12%. The number of adopters each year is approximated by the logistical functional form depicted in figure 1. The modeler has the ability to modify the form of the function, the adoption ceiling, as well as stratify beneficiaries according to predetermined criteria, by region, for example. 

  
Figure 1. Assumed adoption curve with 20% maximum rate of adoption; Source: authors’ own elaboration.
[bookmark: _Toc462771435]Current and Potential System States
System 1, the current agricultural system is characterized based on data extracted from the farming household survey. The composition of system 2 was designed based on key survey findings, government priorities and preliminary analysis by Simpson (2016) on potential lines of research for the agricultural research centers. As such, two crops were targeted for research and extension, as well as cattle. The maximum potential yields used in the analysis for the two crops, bora bean and cassava, are the current national average yields being actually achieved in Guyana, as reported by NAREI and the Ministry of Agriculture. In the case of cattle, yields reported in FAO (2013) from the neighboring state of Roraima, Brazil were used to set the production frontier for potential meat production. 
Together, these potential yields were used to characterize system 2, a snapshot of the system which the Program aims to achieve. Based on this data and assumptions concerning adoption ceiling and path, yields achieved, the costs involved in moving from system 1 to system 2, Program costs, and the opportunity cost of farmers’ time for participating in agricultural training and extension activities, the net marginal economic return to system 2 was calculated in a cost benefit framework. The NPV and IRR of the Program for each of the three scenarios were also calculated.  
[bookmark: _Toc462771436]Farming Household Survey
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]To inform Program design, the expost economic impact evaluation strategy, and the ex-ante economic analysis, a famer household survey was designed and implemented during the month of July 2016. The survey sample was stratified by Region, namely, Regions 5, 9 and 10 (figure 2 depicts Guyana’s Regions). The 2002 Population and Housing Census was used to establish the number of farming households by Region, which was 4,615 households for Region 5; 3,769 households in Region 9, and; 1,928 households for Region 10 (Bureau of Statistics, 2007). Thus, the total number of potential beneficiaries of GY-L1060 is 10,312 farming households. 
Accurate information on the location of farming households was not available prior to the survey undertaking. Due to the absence of this data, the tight timeline for survey design and implementation, and logistical challenges, the survey sample was undertaken based on a random selection of villages with the number of households to be sampled within each village defined a priori. Stratification within Region 10 was undertaken according to Amerindian Communities and Non-Amerindian Communities. Regions 9 and 5 were not stratified since Region 9 is largely Amerindian and Region 5 does not have a consolidated Amerindian Community (Bureau of Statistics, 2007, Regional Democratic Council, 2016). In Region 5, 330 households were sampled; in Region 9, 350 households were sampled, and; in Region 10, 219 households were sampled. 
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Figure 2. Guyana’s Regions. Source: Bureau of Statistics (2007).
Household identification took place in the field following a non-probabilistic ‘snowball’ approach where enumerators interviewed a household identified by the survey supervisor, based on the supervisor’s local knowledge. The household was requested to provide identification information for other farming households in the village and in the process, an initial list of farming households was developed. Households to be surveyed were randomly selected and assigned from this list, and at each subsequent household interviewed, the list was expanded upon. This process was carried out until the household survey quota for the village was met (Schling, 2016). 
A number of precautionary measures were taken to avoid bias in this non-probabilistic sampling method: (i) more than one interviewer was assigned to each village at the same time and at different points in the village to avoid the sample being biased toward a subsample of only those farmers within a village that knew or knew of each other; (ii) supervisors possessed local knowledge which facilitates the identification of a first candidate farming household, as well as knowledge of the layout of the village which enabled them to distribute enumerators throughout the village to ensure thorough coverage; (iii) the number of enumerators assigned to a given village was proportional to the population of that village; (iii) the interviewing of neighbors or famers involved in joint farming was emphatically discouraged in order to generate a sample that was representative of the entire village rather than pockets of farmers who know or know of each other, and; (iv) The distance between households did not in any way influence the households selected for surveying (Schling, 2016).   
[bookmark: _Toc462771437]Lines of Research for Field Stations
A strong national agricultural research system, investment and human capacity are necessary conditions to improve agricultural productivity and reduce poverty (Stads et al., 2016). Guyana is no exception to this reality, although it may benefit from significant technological spill-ins from its neighboring countries, primarily Brazil which is a regional leader in agricultural research and development. 
To build on Guyana’s agricultural research system and enhance capacity, component two of GY-L1060 aims to design and implement research programs for the agricultural centers in Ebini and Lethem/Manari. Agricultural research and development programs will be identified through a prioritization exercise and implemented in collaboration with national and international centers. These programs will identify specific beneficiary groups, technology packages and monitoring and evaluation mechanisms. Research activities will focus on reducing vulnerability to climate change through multiplication and conservation of genetic material, including drought resistant varieties and protection of traditional knowledge as a local adaptation strategy.
To inform investment in the agricultural research system, a diagnostic is underway to: (i) analyze agriculture and livestock production systems, current research and extension activities, and the biophysical and socioeconomic factors influencing productivity; and (ii) develop a proposal for a research program to experiment with innovative integrated land management approaches for crop and livestock production (Simpson, 2016). To this end, field reconnaissance and analysis was conducted in June/July of 2016 to generate information on stakeholder needs and the vision for agricultural development in Regions 9 and 10 primarily. This analysis revealed that the vision is one of a Hub and Spoke farm systems model which integrates both large commercial farms and small farmers in a symbiotic relationship. The priority activities for Region 10 were identified as the orchard crops of avocado, citrus, guava and soursop; annuals such as cassava, corn, cowpeas and soybean row crops, and; livestock rearing focusing on cattle and sheep. For Region 9, priorities were the orchard crops of citrus, guava, mango and passion fruit; annuals including cassava, corn, rice and soybean row crops, and; in terms of livestock, cattle, sheep and goats (Simpson, 2016). 
In light of the designation of these priority activities, the research programs designed for the agricultural centers should be aligned with these productive activities. As such, for Region 10, the following research challenges were identified: (i) water management to respond to soil characteristics and drought; low soil fertility; pasture management for low quality forage, and; improved varieties and breeds. In Region 9, the challenges were similar though water issues are largely related to the relative abundance and then absence of water arising from the flood and drought season. 
Agricultural research and extension outputs for Regions 9 and 10 were determined through stakeholder engagement and review of institutional strategies. For Region 10, the orchard sub-program will: identify key species; produce seed and seedlings, and; develop and disseminate information products. Annual crop research will focus on identifying target crop cultivars; produce seeds and seedlings; develop and disseminate information products. Outputs related to livestock were the following: identify breeds and develop facility to breed beef cattle, sheep and goats; develop and disseminate information products; establish market mechanism for genetic resources; identification of quality grass and legume forage; generate plant material of selected grass and legume species; develop and disseminate technological packages; identify quality byproduct feeding material from crop program; establish facility for production of byproduct feed; establish facility for feeding trials. 
Improved soil management is relevant across agricultural systems; research in this area will focus on: developing soil management practices; develop and disseminate information products, and; generating estimates of soil carbon sequestration for potential carbon market engagement. Also relevant across research activities are the extension and dissemination approaches which will include: on-farm trials and demonstration plots; field days and workshops; factsheets, newsletters and other; early warning weather bulletins, and; other information and communications technology (Simpson, 2016). 
In Region 9, cattle ranching is the main activity with a total live headcount of 13,000, which is considerably lower than the historic high of 65,000. In terms of livestock and related research, the research program will focus on identifying breeds; establish facility for breeding as well as for collection and storage of semen; develop and disseminate information products; generate market mechanism for animal genetic resources; identify quality grass and legume forage species; produce grass and legume material for planting; develop and disseminate technological packages. 
With regard to orchard species, proposed outputs emphasize identifying target species; produce seeds and seedlings for select species; develop and disseminate information products. Annual crop research will focus on identifying target crop cultivars; produce seeds and seedlings; develop and disseminate information products. Finally, across activities, soil management research will hinge on developing soil management practices for the region; developing and disseminating information products, and; estimation of soil carbon sequestration for potential engagement with carbon markets. The approach to dissemination and farmer outreach is similar to that of Region 10 (Simpson, 2016).  
One advantage of Region 9 is its proximity and similarity to Roraima State in Brazil which has a strong and long-standing agricultural research and development program led by the national agency EMBRAPA. In this case, there is good potential for technological spill-overs and benefiting from the over 20 years of EMBRAPA’s agricultural research in the region. The research program at Lethem will aim to establish strong research collaboration with EMBRAPA.
[bookmark: _Toc462771438]IV. Economic Benefits
The break-even analysis estimates the level of benefits required for the Program to be economically viable given assumptions on the adoption ceiling, adoption path, time horizon, discount rate, and Program costs. This minimum level of benefits is estimated in section VI, results.
In the second stage of the analysis, systems 1 and system 2 states were characterized. The system 2 state represents the potential benefits the Program aims to achieve. Bora beans, cassava and livestock were selected as the first system elements for productivity enhancements. Production, area, yield, price and cost data were extracted from the farming household database for bora bean, cassava and livestock. The extracted database was analyzed for anomalies (e.g. production of a crop but no area planted and vice versa; costs greatly exceeding returns, etc.) and cleaned. 
For characterizing system 2 and potential benefits, crop yields were drawn from the current national averages being achieved in Guyana as reported by the Ministry of Agriculture and NAREI in their 2014 Annual Statistical Bulletin (Ministry of Agriculture., 2014). The current national average yield for bora bean was reported as: 11,836 kg/ha with a retail sale price of US$3.30/kg in 2014[footnoteRef:3]. The current national average for cassava yields is reported as 11,096 kg/ha with a retail sale price of US$0.76/kg in 2014[footnoteRef:4]. With regard to cattle, FAO (2013) reports that live cattle weight in Guyana is 400 kg/head at 5 years compared with 407 kg at 3 years in neighboring Brazil. Stocking rates also differ greatly with 1 animal units per 25 ha in Region 9 compared with 0.72 animal units in Brazil’s state of Roraima. These crop and livestock yields were used to characterize the potential economic benefits of adopting system 2. [3:  For additional sources of data on current and potential bora bean yields, please see:]  [4: 
Chesney, P.E.K, Simpson, L.A., Cumberbatch, R.N., Homenauth, O., and Benjamin, F. 2010. Cowpea Yield Performance in an Alley Cropping Practice on an Acid Infertile Soil at Ebini, Guyana. The Open Agriculture Journal, (4), pp. 80-84. Retrieved from: http://benthamopen.com/ABSTRACT/TOASJ-4-80 

NAREI. No Date. Cowpea Production in Guyana. Georgetown: NAREI.

Trotman, AA. And Weaver, R.W., 1985. Number and Effectiveness of Cowpea Rhizobia in Soils of Guyana. Trop. Agric. Vol. 63(2), pp. 129-132. Retrieved from: http://pdf.usaid.gov/pdf_docs/PNAAV253.pdf 

 FAOSTAT reports cassava yields of 10,929kg/ha in 2013: http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#ancor 

For additional sources of data on current and potential cassava yields, please see: 
CLAYUCA, 2015. Tecnologías Modernas para la Producción de Yuca. Palmira: CIAT. Retrieved from: http://www.clayuca.org/sitio/index.php/publicaciones-pdf 

Souza, E.D., 2015. Avaliação de Cultivares de Mandioca de Mesa em Área de Mata Alterada de Roraima.  16 Congresso Brasileiro de Mandioca, 1 Congresso Latino-americano e Caribenho de Mandioca. Foz de Iguaçu. Retrieved from: https://www.embrapa.br/roraima/busca-de-publicacoes/-/publicacao/1036372/avaliacao-de-cultivares-de-mandioca-de-mesa-em-area-de-mata-alterada-de-roraima 

Ospina, B. and Ceballos, H., 2002. La Yuca en el Tercer Milenio. Sistemas Modernos de Producción, Procesamiento, Utilización y Comercialización. Cali: CIAT. Retrieved from: https://books.google.com.uy/books/about/La_Yuca_en_el_Tercer_Milenio_Sistemas_Mo.html?id=I18Dz9sYZO8C&redir_esc=y 
] 

To characterize system 1 and the benefits of system 2 adoption, a subset of the main household farmer survey was taken for each of the two crops of interest and livestock. The approach was as follows. For bora bean, from the sample of 917 households, 126 observations were eliminated due to anomalies in the data (area planted, but no production and vice versa, for example). Of the remaining 791 observations, there were 24 bean farmers planting on average 0.686 hectares for a total of 16 hectares across regions. The mean total harvest was 148 kg/farm, mean price USD$1.21/kg, and was yield 215 kg/ha. Expanding to the level of population, there are 313 bean farmers, planting in total 215 hectares of bora bean and harvesting 46,165 kg of bean. 
Cost data was very sparse, with only 5 farmers reporting any costs associated with production. While actual costs may be quite low, this result seemed unreasonable, therefore, the average cost/ha incurred by the 5 farmers was applied to all bean farmers (US$302.34/ha). Given the level of production and this production cost, the mean net return per hectare was negative USD$0.87/ha.
In characterizing system 2 for bean production, the average national achieved yields for bora bean reported by NAREI are used which is equal to 11,836 kg/ha. This is considerably greater than the 215 kg/ha estimated from the survey. Three scenarios are undertaken representing an optimistic, average and pessimistic scenario. Specifically, the optimistic scenario assumes that 50% of the national average yield of 11,836 kg/ha is achieved while the average scenario assumes 35% of the national average is achieved. The pessimistic scenario assumes 25% of the national average yield is achieved. 
The mean bora bean price of USD$1.21/kg is used which is also considerably lower than the USD$3.30/kg Georgetown retail price reported by NAREI, in 2014 (Ministry of Agriculture., 2014). Absent information on the costs of achieving the nationally reported average yields and the sparse information on costs extracted from the survey, it is simply assumed that costs per hectare are ten times higher in system 2 compared with system 1. Finally, the opportunity cost of farmers’ time spent participating in the agricultural extension and training programs is considered. It is estimated that adopting farmers spend 40 days over the course of 2 years participating in extension and training programs; the daily wage rate used is the minimum public sector wage rate of US$13.27/day.
In calculating benefits, what is of concern is the marginal change in net returns from system 2 adoption. As such, the adoption ceiling (as well as adoption path which is assumed to follow a logistical function) is a critical parameter. There are 10,312 potential beneficiary farming households across the three regions. The Program aims to target 5,000 of the potential beneficiary farming households. A conservative approach is taken across scenarios. Out of the 5,000 targeted households, the number of new beneficiaries is equal to 5,000 households less the number of current bean farmers, multiplied by the adoption ceiling which is set at 20% across scenarios. Therefore, there are 937 new bean farmer adopters (eqn. 4.1). In addition, 20% of current bean farmers are assumed to adopt, which represents an additional 63 adopters. Overall, 1,000 farmers, new and current, will adopt the new bean production technology (eqn. 4.2).  Table 1 provides an overview of the key characteristics of systems 1 and 2.
	                                                                                             eqn’ 4.1.
								         eqn’ 4.2.
Where:
· NA are new adopters, subscript b is bean, subscript c is cassava; 
· CF are current farmers, and;
· TA is the total number of adopters.
Next, subject to the percentage of yield achieved in each of the three scenarios, and the adoption path, the net value of bean production for new adopters is calculated on an annual basis as in equation 4.3.
			
 											         eqn’ 4.3. 
Where:
· NV is net value of production for the crop in USD for subscript na for new adopters and subscript ca for current subscript crop b farmers that adopt the technology;
· PA is percent of targeted farmers adopting in year subscript t;
· A is the number of hectares of crop subscript b planted; 
· NY is system 2 subscript crop b yield in kilogram per hectare for the crop, by scenario subscript n which corresponds to one of the 3 scenarios: a pessimistic scenario where 25% of the national average yield achieved; an average scenario where 35% of the national average yield is achieved, and; an optimistic scenario where 50% of the national average yield is achieved; 
· P is the price of the subscript b crop in USD per kilogram; 
· NC is the system 2 production cost of subscript b crop in USD per hectare, and;
· OC is the opportunity cost of farmer time for participating in training and extension.
In the case of current farmers, the net increase in value from bean production is calculated as the difference between the net value of bean production achieved under system 1, and that achieved under system 2 as in equation 4.4.  
 
          eqn’ 4.4	
Where:
· OY is system 1 yield of crop subscript b in kilogram per hectare, and;
· CO is system 1 production cost of subscript b crop in USD per hectare. 
 								          eqn’ 4.5
Where:
· TV is total net value of subscript b crop.
The total value of bean production is the sum of the net value of production of new adopters and the increase in net value for bean production perceived by current bean farmers that adopt system 2 (eqn’ 4.5). 
The approach to estimating benefits for cassava is the same as for bora bean, though the parameter values are different. Out of 917 observations, 135 were eliminated leaving 782 observations. Two hundred twenty-four of these farming households planted cassava with each household planting 0.779 hectares on average for a total of 174 hectares across regions. The mean total harvest was 1,729 kg/farm, mean price of USD$0.79/kg, and yield of 2,220 kg/ha. Expanding to the level of population there are 2,954 cassava farmers across regions, planting 2,300 hectares in total. 
As in the case with bora bean, cost data was sparse, with only 35 farmers reporting any costs associated with production. Again, while it is expected that real production costs may be low, it seems probable that farmers are under reporting costs associated with production. As such, the average production cost per hectare of the 35 farmers was applied to all cassava farmers (US$138.76/ha). Given the level of production and this production cost, the mean net return is USD$1,619/ha.
In characterizing system 2 for cassava production, the national average achieved yields for cassava reported by NAREI are used which is equal to 11,096 kg/ha. This is considerably greater than the 2,220 kg/ha estimated from the survey. As with bora bean, three scenarios, the optimistic, average and pessimistic scenarios, take just a percentage of this potential yield; specifically, 50% of 11,096 kg/ha, 35% and 25%, respectively. The mean price of USD$0.79/kg is close to the Georgetown retail price of $0.79 reported by NAREI in 2014 (Ministry of Agriculture., 2014). Absent information on the costs of achieving the NAREI potential yields and the sparse information on costs extracted from the survey, it is simply assumed that production costs per hectare in system 2 are ten times those observed in system 1 (USD$138.76). As with bora bean, farmer opportunity costs for participating in extension and training activities are considered.  
Out of the 5,000 targeted households, the number of new beneficiaries is equal to 5,000 households less the number of current bean farmers, multiplied by the adoption ceiling which is set at 20% across scenarios. Therefore, there are 409 new adopters (eqn. 4.1). In addition, 20% of current cassava farmers are assumed to adopt, which represents an additional 591 adopters. Overall, 1,000 farmers will adopt the new cassava production technology (eqn. 4.2). Table 1 provides an overview of the key characteristics of systems 1 and 2. The total net value of adoption is calculated as shown in equations 4.3 to 4.5. 
Table 1. Key characteristics of systems 1 and 2 for bora bean and cassava. Source: Author’s own elaboration.
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Finally, the approach to estimating benefits for cattle production is as follows. Of the 917 observations, 8 were eliminated leaving 909 observations. One hundred and thirty-four of those observations are cattle farmers with an average of 15 head of cattle per household and a total across regions of 1,967 head of cattle. On average, households sell 1.24 head per year at a mean price of USD$309.08/head; 166 head of cattle were sold in the previous year. Expanding to the level of population there are 1,520 cattle farmers, 22,314 head of cattle, and 1,883 head sold in the previous year.
Of the 134 households with cattle, only 51 reported any production costs. Similar to the approach with crops, extracting only those households that reported costs of production, the average cost/head was estimated and applied across all livestock farming households (USD$18.55/head). Given this level of sales and production costs, the total net return from cattle is USD$168,049.39.
In characterizing system 2 for cattle production, the estimations made here are based on FAO (2013). FAO (2013) reports that live cattle weight in Guyana is 400 kg/head at 5 years compared with 407 kg at 3 years in neighboring Brazil. Stocking rates also differ greatly with 1 animal unit per 25 hectares in Region 9 compared with 0.72 animal units per hectare in Brazil’s state of Roraima. The more rapid increment in live weight achieved in Brazil is used as the benchmark for the estimation of yield rather than the stocking rate. That live weight in Brazil is 407 kg in 3 years compared with 400 kg in 5 years in Guyana indicates that Brazilian yield per year is 70% higher than yields achieved in Guyana. 
Again, three scenarios are undertaken, an optimistic scenario where 50% of the potential yields are achieved, an average scenario where 35% of yields are achieved and a pessimistic scenario where 25% yields are achieved. Table 2 provides an overview of the key characteristics of systems 1 and 2.
Table 2. Key characteristics of systems 1 and 2 for cattle. Source: Author’s own elaboration.
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It is assumed that the survey reported number of heads of cattle sold in the previous year represents the sustainable level of production for system 1. It is then assumed that the increased production achieved in system 2 is sold which translates in to an additional 0.86 head/household sold per year if 100% of the yield increase were achieved. The costs of implementing system 2 are assumed to be 50% higher than those of system 1. As with bora bean and cassava, farmer opportunity costs for participating in extension and training activities are considered.  
[bookmark: _Toc462771439]V. Economic Costs
The total cost of implementing GY-L1060 is US$15M, which will be disbursed over a 6 year period. Disaggregating by program components, the breakdown is as follows: 
· Component 1: Generating information for evidence-based policy making and natural resources management: US$4.170 M.
· Component 2: Strengthening the agricultural innovation and extension system: US$6.398 M.
· Component 3. Support for sanitary and phytosanitary measures: US$2.80 M.
In addition to the three components, US$1.632 M is allocated to management, auditing, monitoring and evaluation of GY-L1060. Operations and maintenance costs of the facilities are considered in the cost benefit analysis and assume a 4% cost applied to the value of infrastructure upgraded or constructed for the period of analysis (2017 to 2040). The cost of operations and maintenance in the CBA increases as new infrastructure is installed and existing infrastructure is upgraded. Once all infrastructure has been installed, operations and maintenance costs are equal to US$276,800 incurred annually beginning 2022. 
Finally, the opportunity cost of farmers’ time spent participating in extension and training activities is considered a cost in the analysis. It is estimated that adopting farmers spend 40 days over the course of 2 years in participating in extension programs; the daily wage rate used is the minimum public sector wage rate of US$13.27/day. Figure 3 depicts the distribution of costs over the 6 year implementation period. 
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Figure 3. Distribution of Program costs by component. Source: Author’s own elaboration.
[bookmark: _Toc462771440]VI. Results
[bookmark: _Toc462771441]Break-even Analysis
Table 3 shows an extract (6 year Program execution period + 1 year) of the break-even analysis assuming a 20% adoption ceiling for the 5,000 targeted farming households. This adoption ceiling is reached in year 2028. The full period of analysis is 2040 and the discount rate is 12%. Twenty percent of the targeted beneficiaries is equal to 1,000 adopters. Given these assumptions, the Program breaks even with a minimum annual household benefit of US$2,196. 
Table 3. Break-even analysis, 20% adoption ceiling. Source: author’s own elaboration.
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[bookmark: _Toc462771442]Cost Benefit Analysis: System 2
A cost benefit analysis of adoption system 2 was undertaken. A number of driving assumptions are noted: the assumed adoption ceiling is 20% in all simulations and the number of target beneficiaries is 5,000. The adoption pathway follows the logistical functional form in figure 1. Three scenarios are undertaken. The first optimistic scenario assumes that 50% of national average yields discussed in section IV are achieved. The average scenario assumes that 35% of national average yields are achieved, and the pessimistic scenario assumes only 25% of national average yields are achieved. 
Table 4. System 2 cost benefit analysis, 50% of yields achieved, 20% adoption ceiling. Source: Author’s own elaboration.
[image: ]

Table 4 provides an excerpt of the optimistic scenario where 50% of yields are realized. This scenario generates an NPV of $ $16,194,346 and IRR of 31%.
Table 5. System 2 cost benefit analysis, 35% of yields achieved, 20% adoption ceiling. Source: Author’s own elaboration. [image: ]
Table 5 provides an excerpt of the average scenario where 35% of yields are realized. This scenario generates an NPV of $1,531,706 and IRR of 14%.
Finally, Table 6 provides an excerpt of the pessimistic scenario where 25% of yields are realized. In this scenario, the NPV is negative $8,243,387 and a negative IRR of 1%. Given the conservative assumptions made throughout, this is an unlikely scenario.
Table 6. System 2 cost benefit analysis, 25% of yields achieved, 20% adoption ceiling. Source: Author’s own elaboration.
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[bookmark: _Toc462771443]Sensitivity Analysis Summary
In the breakeven analysis, with an adoption ceiling of 20% of 5,000 targeted beneficiaries, a minimum household benefit of US$2,196 is required for the Program to break-even. 
Assessing the sensitivity of results to assumptions about the percentage of potential yields achieved, in the optimistic scenario where 50% of yields are achieved the NPV is US$16,194,346 and the IRR 31%; where 35% of yields are realized, NPV is US$1,531,706 and IRR 14%. Finally, in the pessimistic scenario where 25% of yields are realized, NPV is negative US$8,243,387 and the IRR is negative 1%.
Sensitivity around the adoption ceiling is also tested, varying the adoption ceiling from 2% to 50% of potential beneficiaries. Figure 4 provides the results of this analysis.
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Figure 4. Sensitivity of NPV and IRR to adoption ceiling with 5,000 targeted beneficiaries, 35% of national yields achieved, and a 12% discount rate. Source: Author’s own elaboration.
These results indicate that the Program begins to break even when the adoption ceiling is 18.03% or greater, assuming 35% of national yields are achieved. 
[bookmark: _Toc462771444]VII. Conclusions
The analysis conducted here has shown that average expectations would have the Program generating an NPV of US$1,531,706 and IRR 14% if 35% of national average yields are realized, subject to an adoption ceiling of 20% and 5,000 targeted farming household beneficiaries. The sensitivity analysis confirms the robustness of these results with a minimum adoption ceiling of 18% required for the Program to break even given 35% of potential yields are achieved and other conservative assumptions made throughout. 



[bookmark: _Toc462771445]Appendix A. Multi-Dimensional Trade-Off Analysis model (TOA-MD)
The third stage of the analysis, which is currently underway, is the calibration and application of the Multi-Dimensional Trade-Off Analysis model (TOA-MD) to estimate possible levels of technological adoption and economic returns (Antle, 2011). Estimations are subject to individual farm opportunity costs of switching between the current crop-livestock system, system 1 and; the with Program crop-livestock system, system 2. Key variables for model calibration include: farm size, crop/livestock yield, crop/livestock prices, variable/fixed farming costs, non-farm income, and costs of transitioning from system 1 to system 2. Estimated with Program returns are estimated with TOA-MD and then evaluated alongside Program costs in a cost benefit analysis. Assumptions driving model results are a function of the characterization of system 2 in terms of crop/livestock yields and areas which are extrapolated from the literature and the subject of sensitivity analysis. Three scenarios are evaluated: an average scenario, an optimistic scenario and a pessimistic scenario, each describing assumptions about system 2. 
The TOA-MD Model is a statistical model developed for multidimensional impact assessment to simulate impacts and adoption rates of new farm technologies in a heterogeneous farm population. The model simulates what would be observed if it were possible to undertake a controlled experiment to provide a best approximation of the impacts of implementing new farm-scale technologies. Estimated impacts are reported in terms of population means or proportions of the population above a reference level such as a poverty line. Sensitivity analysis is a key feature of the framework which enables the user to assess model robustness to critical parameters. 
In terms of the types of agricultural technology adoption packages the framework is suited to assessing, these include the introduction of new crop varieties, improved crop and livestock management strategies, the implementation of soil conservation and agroforestry measures, and integrated agriculture-aquaculture systems among others. Importantly, the model does not solve for market equilibrium (Valdivia and Antle, 2012). TOA-MD coupled with a computable general equilibrium model on the other hand could be used to estimate farm level impacts of improved technology and how changes in production affect interactions with other sectors, factor demand, employment, income, prices and other variables of interest.
The TOA-MD framework can be used for two types of ex-ante economic analysis. The first is exploratory analysis to understand how a change in technology would affect a particular outcome subject to reasonable assumptions about farm characteristics, prices, and agent behaviors such as farmer attitudes toward risk. The second type of analysis is predictive involving analysis of technology adoption and impacts on a population with predicted farm characteristics and prices, and assumptions on agent behavior. The use of TOA-MD as a predictive tool is more demanding; it requires a valid model and sound knowledge of farm characteristics, prices and agent behavior (Antle et al., 2015).  
This study applies TOA-MD in the second type of ex-ante economic analysis to estimate the potential economic returns to farmers from GY-L1060 subject to farm and market parameter estimates and behavioral assumptions. TOA-MD takes a population-based approach to analysis of agricultural systems which is a departure from representative farm models that use average or aggregate data (Antle et al., 2014). The TOA-MD approach takes into account the heterogeneity of farming systems and self-selection behavior, which as mentioned earlier, is a challenge where ex-post economic impact evaluations are concerned. The model is designed to be parsimonious; this is important when the model is used to generate estimates that are out of sample or unobservable. Model calibration is based on observation, as well as experimental, modelled and expert data, depending on data availability (Antle et al., 2014). 
A first step in designing in impact assessment with TOA-MD is to stratify the population into similar subpopulations; stratification is necessary to improve the normal statistical approximation used in the model. Farm size or farm-level returns often provide a reasonable starting point for this stratification. In the present analysis, the population of farms is stratified by region. Expected returns for farms of each system are assumed to be normally distributed, thus implying that opportunity costs are also distributed normally. Further stratification can increase the accuracy of this assumption. Although opportunity costs and expected returns are assumed normally distributed at the strata level, on the aggregate population level, the distribution is often non-normal as it represents the aggregation of normal distributions from different strata with different means and standard deviations (Antle and Validivia, 2011). 
Once an appropriate stratification has been undertaken, the system 1 state and system 2 states are characterized. System 1 is the farming system currently in place (the baseline or control in an experimental design) and is characterized empirically with observational data. In the present analysis, this is achieved based on the results of the farming household survey described in section below. Subsystems are then defined according to types of cropping and livestock systems (and aquaculture where present), and the activities within each subsystem. These include crop types, rotation and intercrops; species of livestock and types of livestock products, and methods and weights for aggregating livestock species (Antle et al., 2015). The types of farming systems represented in this analysis are annual and perennial cropping systems, and livestock.
Basic data required for model set up, for both systems 1 and 2, include the price of output for each activity ($/q/t), the yield of the activity (y/ha/t), variable production cost of the activity ($/ha/time) and the fixed cost for each activity ($/ha/time). A discount factor is used in model parameterization to convert fixed costs into annuity values. Based on this data, the net returns for system 1 are calculated as the summation of the net returns for each subsystem. Similarly, net returns for system 2 are calculated as the sum of the net returns for each subsystem, less the costs associated with switching from system 1 to 2 adjusted by the annuity factor. The opportunity cost therefore is the difference between the net returns from system 1 and 2 (Antle and Validivia, 2011). 
System 2 represents the new state (the treatment group in an experimental design) which is characterized based on a scientific understanding of how improved technologies would affect productivity and other farm characteristics such as types of crops grown and input use. As discussed in the literature review, a core challenge of ex-post or retrospective economic impact evaluation is in the identification of a valid counterfactual which represents the outcomes that would have been observed if farms had not adopted system 2. In ex-ante analysis or forward looking assessments, the main challenge is in characterizing system 2 since its outcomes cannot be observed. This is referred to the system 2 problem which is similar to the problem of obtaining unbiased estimate of treatment effects from observational experiments (Antle and Validivia, 2011, Antle et al., 2014). 
There are three main approaches to generating estimates of model parameters for the system 2 state. Extrapolation methods assume that there is a stable relationship between observable covariates and the parameters to be estimated; in the environmental economics literature, this is known as benefits transfer. Process-based crop/livestock/aquaculture growth models may also be used to construct the system 2 state given the relevant data is available for the area in question. Economic engineering or expert data is an approach that uses expert opinion to modify components of system 1 to construct system 2; in this case, system 2 is similar to system 1 though with some simple variations of that system (Antle et al., 2014).  
Following stratification and the characterization of systems 1 and 2, variances of each subsystem are calculated next. For system 1, first the variance for each activity is calculated, then the correlation coefficient between activities in each subsystem. The standard deviation for the subsystem is taken as the sum of the square of the variance of the crop activity, the livestock activity and the aquaculture activity. For system 2, first the variance for each activity is calculated, then the correlation coefficient between activities in each subsystem is calculated. The standard deviation for the subsystem is taken as the sum of the square of the variance of the crop activity, the livestock activity and the aquaculture activity plus the variance of the annualized fixed costs required to shift from system 1 to system 2. The variance of the opportunity cost is calculated as the variance of system 1 plus the variance of system 2, minus two times the product of the standard deviation of system 1, system 2 and the correlation of returns between systems 1 and 2 (Antle and Validivia, 2011). Finally, impact indicators or outcome variables are defined which may be economic, environmental and social, depending on the objectives of the analysis (Antle et al., 2015, Antle et al., 2014, Antle, 2011). Once these variables are calculated and outcome indicators defined, the model is ready to be implemented.
The mechanics of TOA-MD are as follows. The adoption of technology in a population results in the creation of two sub-populations comprised of non-adopters and adopters of the technology represented by system 2. In TOA-MD, the decision to adopt can be structured as a maximization problem where profit maximizing farmers choose agricultural practices and systems which maximize their expected returns. 
The opportunity cost of adoption may be defined as ω = v1 - v2.
Where:
· v1 represents economic returns per unit area per unit time for system 1, and; 
· v2 represents economic returns per unit area per unit time for system 2.
When ω < 0, farmers are better off when they adopt system 2, and;
When ω > 0, farmers are worse off when they adopt system 2. 
Opportunity cost varies across the landscape and population as in Figure A1 where ω < 0 represents adopters in the population. Agent behavior and the decision to adopt a new technology are based on many variables such as constraints on access to technology or credit, attitudes or cultural norms and policies that create incentives or disincentives for adoption. To represent these behavioral characteristics, an adoption threshold may be specified such that farmers choose system 2 if ω < a where a is the adoption threshold. Where a = 0, farmers follow the opportunity cost criterion. Where a is not equal to zero, this parameter represents an implicit cost or benefit perceived by farmers to be associated with adoption. 
Outcome distributions are related to the system choice while impact indicators are based both on system choice and outcome distributions. A heterogeneous population of farms employing a production system of crops and livestock may be characterized by a joint distribution of economic, environmental and social outcomes which arise from interactions of these variables at the parcel, farm, household and population level (Antle et al., 2014). The current joint distribution of outcomes is represented by the system 1 observable state of nature. The alternative system, system 2 represents the state of nature that is out of sample and whose parametrization is the object of characterization through experimentation, modelling, benefit transfer and/or expert consultation. 

Figure A1. Hypothetical distribution of opportunity cost of adoption. Source: Author’s own elaboration.
If the entire population of farmers switched from system 1 to system 2, a new outcome distribution would arise. However, in reality, only a subset of the population will tend to shift and therefore the result is a combination of outcome distributions based on both systems 1 and 2. Opportunity cost is the key concept that takes into account farmer behavior and self-selection. 
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Figure A2. Distribution of opportunity cost and adoption curve; Source: Antle and Valdivia (2011).
Figure A2 describes graphically how the distribution function of opportunity costs is interpreted as the adoption curve for many farms. Note that each lightly shaded bar represents the opportunity cost of a group of individual farms. The adoption curve represents the area under the distribution of opportunity cost, and; the actual adoption rate when a = 0 is the point at which the adoption curve crosses the X axis. In figure A2, this occurs at an adoption rate of about 35%. 
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Figure A3. Adoption rate and relationship with net farming returns for the population, non-adopters and adopters. Source: Antle and Valdivia (2011). 
Economic, environmental and social outcomes are jointly distributed with opportunity cost in the population. Following self-selection into adopter and non-adopter groups, each group has a different distribution for each outcome while the relationship between adoption, outcomes and impacts depends on correlations between opportunity costs and outcomes. Figure A3 depicts this relationship where economic outcomes that are positively related to net returns reach a maximum in the aggregate population at the predicted adoption rate, which in Figure A3 is a rate of 54%. 
In the present application of TOA-MD, system 1 was characterized through a survey of farming households conducted during Program design. The characterization of system 2 was achieved through a preliminary analysis of potential lines of research to be undertaken by the agricultural research centers, a review of the literature, and the extrapolation of productivity and cost data from the relevant literature. What follows is a brief overview of the farming household survey and first results from the assessment of potential lines of research for the agricultural research centers. 



[bookmark: _Toc462771446]Appendix B. Basic data requirements for ex-ante economic evaluation
The World Bank (2000) outlines the basic data requirements for ex-ante analysis of agricultural research and extension programs. Following World Bank (2000, p. 15/16) research related data include:
	Program data
	Market data

	1.  Technology packages developed by the research program;
	1. Quantity of commodities produced and consumed;


	2. Expected change in yield;
	2. Prices received in sale and prices paid;


	3. Expected change in input costs;
	3. Exogenous output growth rate, which is the anticipated proportional change in output not due to research in each year (e.g. growth rate of area plus growth rate of yield not associated with the new research program);

	4. Probability of positive research outcome;
	4. Discount rate;

	5. Expected research and adoption lag;
	5. Three to four years of price and quantity data;

	6. Adoption path which is the time between first and full adoption;
	6. Prices and quantities of exports and imports, and exchange rates, and;

	7. Adoption ceiling, the maximum proportion of farmers expected to adopt the new technology;
	7. Population and income growth, and; information on government policy and other relevant market interventions over the period of analysis.

	8. The period of time over which the technology will generate full benefits;
	

	9. Depreciation factor- the rate at which the benefits of the new technology will depreciate after full benefits achieved;
	

	10. Annual research expenditure, including both Program of Interest funding and other sources of funding, from the beginning of research to the time of the release of the technology;
	

	11. Annual extension expenditure related to the technology (often estimated as total extension expenditure among crop by relative area planted).
	





[bookmark: _Toc462771447]References
ALSTON, J. M., CHAN-KANG, C., MARRA, M. C., PARDEY, P. G. & WYATT, T. J. 2000a. A Meta-Analysis of Rates of Return to Agricultural R&D- Ex Pede Herculem? In: IFPRI (ed.). Washington DC: International Food Policy Research Institute.
ALSTON, J. M., MARRA, M. C., PARDEY, P. G. & WYATT, T. J. 2000b. Research returns redux: a meta-analysis of the returns to agricultural R&D. Australian Journal of Agricultural and Resource Economics, 44, 185-215.
ANTLE, J. M. 2011. Parsimonious Multi-dimensional Impact Assessment. American Journal of Agricultural Economics, 93, 1292-1311.
ANTLE, J. M., MURSHED-E-JAHAN, K., CRISSMAN, C. C. & VALDIVIA, R. O. 2015. Simulation-based Ex Ante Assessment of Sustainble Agricultural Technolgies: An Application to Integrated Aquaculture-Agriculture in Bangladesh. Standing Panel on Impact Assessment. Montpellier: CGIAR Independent Science and Partnership Council.
ANTLE, J. M., STOORVOGEL, J. J. & VALDIVIA, R. O. 2014. New parsimonious simulation methods and tools to assess future food and environmental security of farm populations. Philosophical Transactions of the Royal Society of London B: Biological Sciences, 369.
ANTLE, J. M. & VALIDIVIA, R. O. 2011. Understanding and Using TOA-MD 5.0 Model Software: Basic Learning Model. Corvallis: Oregon State University.
BIRKHAEUSER, D., EVENSON, R. E. & FEDER, G. 1991. The Economic Impact of Agricultural Extension: A Review. Economic Development and Cultural Change, 39, 607-650.
BUREAU OF STATISTICS 2007. Population and Housing Census 2002. In: STATISTICS, B. O. (ed.). Georgetown: Republic of Guyana.
BUREAU OF STATISTICS 2016. Guyana Population and Housing Census 2012: Preliminary Report. Georgetown: Bureau of Statistics.
CAVATASSI, R., GONZÁLEZ-FLORES, M., WINTERS, P., ANDRADE-PIEDRA, J., ESPINOSA, P. & THIELE, G. 2011. Linking Smallholders to the New Agricultural Economy: The Case of the Plataformas de Concertación in Ecuador. The Journal of Development Studies, 47, 1545-1573.
EVENSON, R. E. 2001. Chapter 11 Economic impacts of agricultural research and extension. Handbook of Agricultural Economics. Elsevier.
FAO 2013. The State of Food & Agriculture n the Rupununi, Guyana: Imperatives for Sustainable Livelihoods and Development. Georgetown: Food and Agriculture Organization of the United Nations.
GODTLAND, E. M., SADOULET, E., DE JANVRY, A., MURGAI, R. & ORTIZ, O. 2004. The impact of farmer field schools on knowledge and productivity: A study of potato farmers in the Peruvian Andes. Economic development and cultural change, 53, 63-92.
GONZALEZ, V., IBARRARAN, P., MAFFIOLI, A. & ROZO, S. 2009. The Impact of Technology Adoption on Agricultural Productivity: The Case of the Dominican Republic. Washington DC: Inter-American Development Bank.
GOVERNMENT OF GUYANA 2012. Second Report on the State of Plant Genetic Resources for Food and Agriculture in Guyana. Submitted to FAO Commission on Genetic Resources for Food and Agriculture. Georgetown: Government of Guyana.
HAIRE, B. 2007. Peanut CRSP Team Offering Helping Hand in Guyana. Southscapes Spring 2007. Georgetown: CRSP.
INDEPENDENT EVALUATION GROUP 2011. Impact Evaluations in Agriculture: An Assessment of the Evidence. Washington DC: World Bank.
INTER-AMERICAN DEVELOPMENT BANK. 2010. Assessing the Effectiveness of Agricultural Interventions. Special Topic, Development Effectiveness Overview. Washington DC: Inter-American Development Bank.
MASTERS, W. A., COULIBALY, B., SANOGO, D., SIDIBE, M. & WILLIAMS, A. 1996. The Economic Impact of Agricultural Research: A Practical Guide. West Lafayette: Department of Agricultural Economics, Purdue University.
MINISTRY OF AGRICULTURE 2013. Agriculture- Our Vehicle for Sustained Economic and Social Prosperity: A National Strategy for Agriculture in Guyana 2013-202. Georgetown: Ministry of Agriculture.
MINISTRY OF AGRICULTURE. 2014. National Agricultural Research & Extension Institute Annual Agriculture Statistical Bulletin. Georgetown: NAREI.
MINISTRY OF COMMUNITIES 2016. DRAFT Plan of Action for Regional Development in Region 10, 2016 to 2020: The Path to a Good Life and Green Economy in Upper Demerara-Upper Berbice Communities. Georgetown: Ministry of Communities.
OWENS, T., HODDINOTT, J. & KINSEY, B. 2003. The Impact of Agricultural Extension on Farm Production in Resettlement Areas of Zimbabwe. Economic Development and Cultural Change, 51, 337-357.
PARDEY, P. G., ALSTON, J. M., CHAN-KANG, C., MAGALH, XE, ES, E. C. & VOSTI, S. A. 2006. International and Institutional R&D Spillovers: Attribution of Benefits among Sources for Brazil's New Crop Varieties. American Journal of Agricultural Economics, 88, 104-123.
PRANEETVATAKUL, S. & WAIBEL, H. 2006. Impact Assessment of Farmer Field Schools using a Multi-Period Panel Model. International Association of Agricultural Economists Conference. Gold Coast, Australia.
REGIONAL DEMOCRATIC COUNCIL 2016. Master List, Region 9 Agricultural Households. Lethem: RDC.
SALAZAR, L., ARAMBURU, J., GONZALEZ-FLORES, J. & WINTERS, P. 2015. Food Security and Productivity: Impacts of Technology Adoption in Small Subsistence Farmers in Bolivia. In: IDB (ed.) IDB Infrastructure and Environment Sector and Office of Strategic Planning and Development Effectivenesss. Washington DC: Inter-American Development Bank.
SCHLING, M. 2016. Guyana Farming Household Enumerator Manual: Sampling Strategy at Village Level. Washington DC: Inter-American Development Bank.
SIMPSON, L. A. 2016. Preliminary Report of the Consultant for Component 2: Strengthening the Agricultural Innovation and Extension System. Washington DC: Inter-American Development Bank.
STADS, G.-J., BEINTEMA, N., PEREZ, S., FLAHERTY, K. & FALCONI, C. 2016. Agricultural Research in Latin America and the Caribbean: A Cross-Country Analysis of Institutions, Investment and Capacity. ASTI led by IFPRI. Washington DC: International Food Policy Research Institute and Inter-American Development Bank.
VALDIVIA, R. O. & ANTLE, J. M. 2012. Designing TOA - MD Applications: A Quick Guide. Corvallis: Oregon State University, College of Agricultural Sciences.
WINTERS, P., SALAZAR, L. & MAFFIOLI, A. 2010. Designing Impact Evaluations for Agricultural Projects. Impact Evaluation Guidelines. Washington D.C.: Inter-American Development Bank.
WORLD BANK 2000. Ex Ante Economic Analysis in AKIS Projects: Methods and Guidelines for Good Practice. Agricultural Knowledge and Information Systems (AKIS) Good Practice Note. Washington DC: World Bank.

Distribution of opportunity cost of adoption
-12	-11.98	-11.96	-11.940000000000001	-11.920000000000002	-11.900000000000002	-11.880000000000003	-11.860000000000003	-11.840000000000003	-11.820000000000004	-11.800000000000004	-11.780000000000005	-11.760000000000005	-11.740000000000006	-11.720000000000006	-11.700000000000006	-11.680000000000007	-11.660000000000007	-11.640000000000008	-11.620000000000008	-11.600000000000009	-11.580000000000009	-11.560000000000009	-11.54000000000001	-11.52000000000001	-11.500000000000011	-11.480000000000011	-11.460000000000012	-11.440000000000012	-11.420000000000012	-11.400000000000013	-11.380000000000013	-11.360000000000014	-11.340000000000014	-11.320000000000014	-11.300000000000015	-11.280000000000015	-11.260000000000016	-11.240000000000016	-11.220000000000017	-11.200000000000017	-11.180000000000017	-11.160000000000018	-11.140000000000018	-11.120000000000019	-11.100000000000019	-11.08000000000002	-11.06000000000002	-11.04000000000002	-11.020000000000021	-11.000000000000021	-10.980000000000022	-10.960000000000022	-10.940000000000023	-10.920000000000023	-10.900000000000023	-10.880000000000024	-10.860000000000024	-10.840000000000025	-10.820000000000025	-10.800000000000026	-10.780000000000026	-10.760000000000026	-10.740000000000027	-10.720000000000027	-10.700000000000028	-10.680000000000028	-10.660000000000029	-10.640000000000029	-10.620000000000029	-10.60000000000003	-10.58000000000003	-10.560000000000031	-10.540000000000031	-10.520000000000032	-10.500000000000032	-10.480000000000032	-10.460000000000033	-10.440000000000033	-10.420000000000034	-10.400000000000034	-10.380000000000035	-10.360000000000035	-10.340000000000035	-10.320000000000036	-10.300000000000036	-10.280000000000037	-10.260000000000037	-10.240000000000038	-10.220000000000038	-10.200000000000038	-10.180000000000039	-10.160000000000039	-10.14000000000004	-10.12000000000004	-10.100000000000041	-10.080000000000041	-10.060000000000041	-10.040000000000042	-10.020000000000042	-10.000000000000043	-9.9800000000000431	-9.9600000000000435	-9.9400000000000439	-9.9200000000000443	-9.9000000000000448	-9.8800000000000452	-9.8600000000000456	-9.840000000000046	-9.8200000000000465	-9.8000000000000469	-9.7800000000000473	-9.7600000000000477	-9.7400000000000482	-9.7200000000000486	-9.700000000000049	-9.6800000000000495	-9.6600000000000499	-9.6400000000000503	-9.6200000000000507	-9.6000000000000512	-9.5800000000000516	-9.560000000000052	-9.5400000000000524	-9.5200000000000529	-9.5000000000000533	-9.4800000000000537	-9.4600000000000541	-9.4400000000000546	-9.420000000000055	-9.4000000000000554	-9.3800000000000558	-9.3600000000000563	-9.3400000000000567	-9.3200000000000571	-9.3000000000000576	-9.280000000000058	-9.2600000000000584	-9.2400000000000588	-9.2200000000000593	-9.2000000000000597	-9.1800000000000601	-9.1600000000000605	-9.140000000000061	-9.1200000000000614	-9.1000000000000618	-9.0800000000000622	-9.0600000000000627	-9.0400000000000631	-9.0200000000000635	-9.0000000000000639	-8.9800000000000644	-8.9600000000000648	-8.9400000000000652	-8.9200000000000657	-8.9000000000000661	-8.8800000000000665	-8.8600000000000669	-8.8400000000000674	-8.8200000000000678	-8.8000000000000682	-8.7800000000000686	-8.7600000000000691	-8.7400000000000695	-8.7200000000000699	-8.7000000000000703	-8.6800000000000708	-8.6600000000000712	-8.6400000000000716	-8.620000000000072	-8.6000000000000725	-8.5800000000000729	-8.5600000000000733	-8.5400000000000738	-8.5200000000000742	-8.5000000000000746	-8.480000000000075	-8.4600000000000755	-8.4400000000000759	-8.4200000000000763	-8.4000000000000767	-8.3800000000000772	-8.3600000000000776	-8.340000000000078	-8.3200000000000784	-8.3000000000000789	-8.2800000000000793	-8.2600000000000797	-8.2400000000000801	-8.2200000000000806	-8.200000000000081	-8.1800000000000814	-8.1600000000000819	-8.1400000000000823	-8.1200000000000827	-8.1000000000000831	-8.0800000000000836	-8.060000000000084	-8.0400000000000844	-8.0200000000000848	-8.0000000000000853	-7.9800000000000857	-7.9600000000000861	-7.9400000000000865	-7.920000000000087	-7.9000000000000874	-7.8800000000000878	-7.8600000000000882	-7.8400000000000887	-7.8200000000000891	-7.8000000000000895	-7.78000000000009	-7.7600000000000904	-7.7400000000000908	-7.7200000000000912	-7.7000000000000917	-7.6800000000000921	-7.6600000000000925	-7.6400000000000929	-7.6200000000000934	-7.6000000000000938	-7.5800000000000942	-7.5600000000000946	-7.5400000000000951	-7.5200000000000955	-7.5000000000000959	-7.4800000000000963	-7.4600000000000968	-7.4400000000000972	-7.4200000000000976	-7.4000000000000981	-7.3800000000000985	-7.3600000000000989	-7.3400000000000993	-7.3200000000000998	-7.3000000000001002	-7.2800000000001006	-7.260000000000101	-7.2400000000001015	-7.2200000000001019	-7.2000000000001023	-7.1800000000001027	-7.1600000000001032	-7.1400000000001036	-7.120000000000104	-7.1000000000001044	-7.0800000000001049	-7.0600000000001053	-7.0400000000001057	-7.0200000000001062	-7.0000000000001066	-6.980000000000107	-6.9600000000001074	-6.9400000000001079	-6.9200000000001083	-6.9000000000001087	-6.8800000000001091	-6.8600000000001096	-6.84000000000011	-6.8200000000001104	-6.8000000000001108	-6.7800000000001113	-6.7600000000001117	-6.7400000000001121	-6.7200000000001125	-6.700000000000113	-6.6800000000001134	-6.6600000000001138	-6.6400000000001143	-6.6200000000001147	-6.6000000000001151	-6.5800000000001155	-6.560000000000116	-6.5400000000001164	-6.5200000000001168	-6.5000000000001172	-6.4800000000001177	-6.4600000000001181	-6.4400000000001185	-6.4200000000001189	-6.4000000000001194	-6.3800000000001198	-6.3600000000001202	-6.3400000000001207	-6.3200000000001211	-6.3000000000001215	-6.2800000000001219	-6.2600000000001224	-6.2400000000001228	-6.2200000000001232	-6.2000000000001236	-6.1800000000001241	-6.1600000000001245	-6.1400000000001249	-6.1200000000001253	-6.1000000000001258	-6.0800000000001262	-6.0600000000001266	-6.040000000000127	-6.0200000000001275	-6.0000000000001279	-5.9800000000001283	-5.9600000000001288	-5.9400000000001292	-5.9200000000001296	-5.90000000000013	-5.8800000000001305	-5.8600000000001309	-5.8400000000001313	-5.8200000000001317	-5.8000000000001322	-5.7800000000001326	-5.760000000000133	-5.7400000000001334	-5.7200000000001339	-5.7000000000001343	-5.6800000000001347	-5.6600000000001351	-5.6400000000001356	-5.620000000000136	-5.6000000000001364	-5.5800000000001369	-5.5600000000001373	-5.5400000000001377	-5.5200000000001381	-5.5000000000001386	-5.480000000000139	-5.4600000000001394	-5.4400000000001398	-5.4200000000001403	-5.4000000000001407	-5.3800000000001411	-5.3600000000001415	-5.340000000000142	-5.3200000000001424	-5.3000000000001428	-5.2800000000001432	-5.2600000000001437	-5.2400000000001441	-5.2200000000001445	-5.200000000000145	-5.1800000000001454	-5.1600000000001458	-5.1400000000001462	-5.1200000000001467	-5.1000000000001471	-5.0800000000001475	-5.0600000000001479	-5.0400000000001484	-5.0200000000001488	-5.0000000000001492	-4.9800000000001496	-4.9600000000001501	-4.9400000000001505	-4.9200000000001509	-4.9000000000001513	-4.8800000000001518	-4.8600000000001522	-4.8400000000001526	-4.8200000000001531	-4.8000000000001535	-4.7800000000001539	-4.7600000000001543	-4.7400000000001548	-4.7200000000001552	-4.7000000000001556	-4.680000000000156	-4.6600000000001565	-4.6400000000001569	-4.6200000000001573	-4.6000000000001577	-4.5800000000001582	-4.5600000000001586	-4.540000000000159	-4.5200000000001594	-4.5000000000001599	-4.4800000000001603	-4.4600000000001607	-4.4400000000001612	-4.4200000000001616	-4.400000000000162	-4.3800000000001624	-4.3600000000001629	-4.3400000000001633	-4.3200000000001637	-4.3000000000001641	-4.2800000000001646	-4.260000000000165	-4.2400000000001654	-4.2200000000001658	-4.2000000000001663	-4.1800000000001667	-4.1600000000001671	-4.1400000000001675	-4.120000000000168	-4.1000000000001684	-4.0800000000001688	-4.0600000000001693	-4.0400000000001697	-4.0200000000001701	-4.0000000000001705	-3.9800000000001705	-3.9600000000001705	-3.9400000000001705	-3.9200000000001705	-3.9000000000001704	-3.8800000000001704	-3.8600000000001704	-3.8400000000001704	-3.8200000000001704	-3.8000000000001704	-3.7800000000001703	-3.7600000000001703	-3.7400000000001703	-3.7200000000001703	-3.7000000000001703	-3.6800000000001702	-3.6600000000001702	-3.6400000000001702	-3.6200000000001702	-3.6000000000001702	-3.5800000000001702	-3.5600000000001701	-3.5400000000001701	-3.5200000000001701	-3.5000000000001701	-3.4800000000001701	-3.4600000000001701	-3.44000000000017	-3.42000000000017	-3.40000000000017	-3.38000000000017	-3.36000000000017	-3.3400000000001699	-3.3200000000001699	-3.3000000000001699	-3.2800000000001699	-3.2600000000001699	-3.2400000000001699	-3.2200000000001698	-3.2000000000001698	-3.1800000000001698	-3.1600000000001698	-3.1400000000001698	-3.1200000000001697	-3.1000000000001697	-3.0800000000001697	-3.0600000000001697	-3.0400000000001697	-3.0200000000001697	-3.0000000000001696	-2.9800000000001696	-2.9600000000001696	-2.9400000000001696	-2.9200000000001696	-2.9000000000001696	-2.8800000000001695	-2.8600000000001695	-2.8400000000001695	-2.8200000000001695	-2.8000000000001695	-2.7800000000001694	-2.7600000000001694	-2.7400000000001694	-2.7200000000001694	-2.7000000000001694	-2.6800000000001694	-2.6600000000001693	-2.6400000000001693	-2.6200000000001693	-2.6000000000001693	-2.5800000000001693	-2.5600000000001693	-2.5400000000001692	-2.5200000000001692	-2.5000000000001692	-2.4800000000001692	-2.4600000000001692	-2.4400000000001691	-2.4200000000001691	-2.4000000000001691	-2.3800000000001691	-2.3600000000001691	-2.3400000000001691	-2.320000000000169	-2.300000000000169	-2.280000000000169	-2.260000000000169	-2.240000000000169	-2.2200000000001689	-2.2000000000001689	-2.1800000000001689	-2.1600000000001689	-2.1400000000001689	-2.1200000000001689	-2.1000000000001688	-2.0800000000001688	-2.0600000000001688	-2.0400000000001688	-2.0200000000001688	-2.0000000000001688	-1.9800000000001687	-1.9600000000001687	-1.9400000000001687	-1.9200000000001687	-1.9000000000001687	-1.8800000000001686	-1.8600000000001686	-1.8400000000001686	-1.8200000000001686	-1.8000000000001686	-1.7800000000001686	-1.7600000000001685	-1.7400000000001685	-1.7200000000001685	-1.7000000000001685	-1.6800000000001685	-1.6600000000001685	-1.6400000000001684	-1.6200000000001684	-1.6000000000001684	-1.5800000000001684	-1.5600000000001684	-1.5400000000001683	-1.5200000000001683	-1.5000000000001683	-1.4800000000001683	-1.4600000000001683	-1.4400000000001683	-1.4200000000001682	-1.4000000000001682	-1.3800000000001682	-1.3600000000001682	-1.3400000000001682	-1.3200000000001681	-1.3000000000001681	-1.2800000000001681	-1.2600000000001681	-1.2400000000001681	-1.2200000000001681	-1.200000000000168	-1.180000000000168	-1.160000000000168	-1.140000000000168	-1.120000000000168	-1.100000000000168	-1.0800000000001679	-1.0600000000001679	-1.0400000000001679	-1.0200000000001679	-1.0000000000001679	-0.98000000000016785	-0.96000000000016783	-0.94000000000016781	-0.92000000000016779	-0.90000000000016778	-0.88000000000016776	-0.86000000000016774	-0.84000000000016772	-0.82000000000016771	-0.80000000000016769	-0.78000000000016767	-0.76000000000016765	-0.74000000000016763	-0.72000000000016762	-0.7000000000001676	-0.68000000000016758	-0.66000000000016756	-0.64000000000016755	-0.62000000000016753	-0.60000000000016751	-0.58000000000016749	-0.56000000000016747	-0.54000000000016746	-0.52000000000016744	-0.50000000000016742	-0.4800000000001674	-0.46000000000016739	-0.44000000000016737	-0.42000000000016735	-0.40000000000016733	-0.38000000000016732	-0.3600000000001673	-0.34000000000016728	-0.32000000000016726	-0.30000000000016724	-0.28000000000016723	-0.26000000000016721	-0.24000000000016722	-0.22000000000016723	-0.20000000000016724	-0.18000000000016725	-0.16000000000016726	-0.14000000000016727	-0.12000000000016726	-0.10000000000016726	-8.0000000000167257E-2	-6.0000000000167253E-2	-4.0000000000167249E-2	-2.0000000000167249E-2	-1.6724815976587593E-13	1.9999999999832752E-2	3.9999999999832753E-2	5.9999999999832757E-2	7.999999999983276E-2	9.9999999999832764E-2	0.11999999999983277	0.13999999999983276	0.15999999999983275	0.17999999999983274	0.19999999999983273	0.21999999999983272	0.23999999999983271	0.2599999999998327	0.27999999999983272	0.29999999999983273	0.31999999999983275	0.33999999999983277	0.35999999999983279	0.3799999999998328	0.39999999999983282	0.41999999999983284	0.43999999999983286	0.45999999999983288	0.47999999999983289	0.49999999999983291	0.51999999999983293	0.53999999999983295	0.55999999999983296	0.57999999999983298	0.599999999999833	0.61999999999983302	0.63999999999983304	0.65999999999983305	0.67999999999983307	0.69999999999983309	0.71999999999983311	0.73999999999983312	0.75999999999983314	0.77999999999983316	0.79999999999983318	0.8199999999998332	0.83999999999983321	0.85999999999983323	0.87999999999983325	0.89999999999983327	0.91999999999983328	0.9399999999998333	0.95999999999983332	0.97999999999983334	0.99999999999983336	1.0199999999998333	1.0399999999998333	1.0599999999998333	1.0799999999998333	1.0999999999998333	1.1199999999998334	1.1399999999998334	1.1599999999998334	1.1799999999998334	1.1999999999998334	1.2199999999998334	1.2399999999998335	1.2599999999998335	1.2799999999998335	1.2999999999998335	1.3199999999998335	1.3399999999998335	1.3599999999998336	1.3799999999998336	1.3999999999998336	1.4199999999998336	1.4399999999998336	1.4599999999998337	1.4799999999998337	1.4999999999998337	1.5199999999998337	1.5399999999998337	1.5599999999998337	1.5799999999998338	1.5999999999998338	1.6199999999998338	1.6399999999998338	1.6599999999998338	1.6799999999998338	1.6999999999998339	1.7199999999998339	1.7399999999998339	1.7599999999998339	1.7799999999998339	1.799999999999834	1.819999999999834	1.839999999999834	1.859999999999834	1.879999999999834	1.899999999999834	1.9199999999998341	1.9399999999998341	1.9599999999998341	1.9799999999998341	1.9999999999998341	2.0199999999998339	2.0399999999998339	2.059999999999834	2.079999999999834	2.099999999999834	2.119999999999834	2.139999999999834	2.1599999999998341	2.1799999999998341	2.1999999999998341	2.2199999999998341	2.2399999999998341	2.2599999999998341	2.2799999999998342	2.2999999999998342	2.3199999999998342	2.3399999999998342	2.3599999999998342	2.3799999999998342	2.3999999999998343	2.4199999999998343	2.4399999999998343	2.4599999999998343	2.4799999999998343	2.4999999999998344	2.5199999999998344	2.5399999999998344	2.5599999999998344	2.5799999999998344	2.5999999999998344	2.6199999999998345	2.6399999999998345	2.6599999999998345	2.6799999999998345	2.6999999999998345	2.7199999999998346	2.7399999999998346	2.7599999999998346	2.7799999999998346	2.7999999999998346	2.8199999999998346	2.8399999999998347	2.8599999999998347	2.8799999999998347	2.8999999999998347	2.9199999999998347	2.9399999999998347	2.9599999999998348	2.9799999999998348	2.9999999999998348	3.0199999999998348	3.0399999999998348	3.0599999999998349	3.0799999999998349	3.0999999999998349	3.1199999999998349	3.1399999999998349	3.1599999999998349	3.179999999999835	3.199999999999835	3.219999999999835	3.239999999999835	3.259999999999835	3.279999999999835	3.2999999999998351	3.3199999999998351	3.3399999999998351	3.3599999999998351	3.3799999999998351	3.3999999999998352	3.4199999999998352	3.4399999999998352	3.4599999999998352	3.4799999999998352	3.4999999999998352	3.5199999999998353	3.5399999999998353	3.5599999999998353	3.5799999999998353	3.5999999999998353	3.6199999999998353	3.6399999999998354	3.6599999999998354	3.6799999999998354	3.6999999999998354	3.7199999999998354	3.7399999999998355	3.7599999999998355	3.7799999999998355	3.7999999999998355	3.8199999999998355	3.8399999999998355	3.8599999999998356	3.8799999999998356	3.8999999999998356	3.9199999999998356	3.9399999999998356	3.9599999999998357	3.9799999999998357	3.9999999999998357	4.0199999999998353	4.0399999999998348	4.0599999999998344	4.079999999999834	4.0999999999998336	4.1199999999998331	4.1399999999998327	4.1599999999998323	4.1799999999998319	4.1999999999998314	4.219999999999831	4.2399999999998306	4.2599999999998301	4.2799999999998297	4.2999999999998293	4.3199999999998289	4.3399999999998284	4.359999999999828	4.3799999999998276	4.3999999999998272	4.4199999999998267	4.4399999999998263	4.4599999999998259	4.4799999999998255	4.499999999999825	4.5199999999998246	4.5399999999998242	4.5599999999998237	4.5799999999998233	4.5999999999998229	4.6199999999998225	4.639999999999822	4.6599999999998216	4.6799999999998212	4.6999999999998208	4.7199999999998203	4.7399999999998199	4.7599999999998195	4.7799999999998191	4.7999999999998186	4.8199999999998182	4.8399999999998178	4.8599999999998174	4.8799999999998169	4.8999999999998165	4.9199999999998161	4.9399999999998156	4.9599999999998152	4.9799999999998148	4.9999999999998144	5.0199999999998139	5.0399999999998135	5.0599999999998131	5.0799999999998127	5.0999999999998122	5.1199999999998118	5.1399999999998114	5.159999999999811	5.1799999999998105	5.1999999999998101	5.2199999999998097	5.2399999999998093	5.2599999999998088	5.2799999999998084	5.299999999999808	5.3199999999998075	5.3399999999998071	5.3599999999998067	5.3799999999998063	5.3999999999998058	5.4199999999998054	5.439999999999805	5.4599999999998046	5.4799999999998041	5.4999999999998037	5.5199999999998033	5.5399999999998029	5.5599999999998024	5.579999999999802	5.5999999999998016	5.6199999999998012	5.6399999999998007	5.6599999999998003	5.6799999999997999	5.6999999999997994	5.719999999999799	5.7399999999997986	5.7599999999997982	5.7799999999997977	5.7999999999997973	5.8199999999997969	5.8399999999997965	5.859999999999796	5.8799999999997956	5.8999999999997952	5.9199999999997948	5.9399999999997943	5.9599999999997939	5.9799999999997935	5.9999999999997931	6.0199999999997926	6.0399999999997922	6.0599999999997918	6.0799999999997913	6.0999999999997909	6.1199999999997905	6.1399999999997901	6.1599999999997896	6.1799999999997892	6.1999999999997888	6.2199999999997884	6.2399999999997879	6.2599999999997875	6.2799999999997871	6.2999999999997867	6.3199999999997862	6.3399999999997858	6.3599999999997854	6.379999999999785	6.3999999999997845	6.4199999999997841	6.4399999999997837	6.4599999999997832	6.4799999999997828	6.4999999999997824	6.519999999999782	6.5399999999997815	6.5599999999997811	6.5799999999997807	6.5999999999997803	6.6199999999997798	6.6399999999997794	6.659999999999779	6.6799999999997786	6.6999999999997781	6.7199999999997777	6.7399999999997773	6.7599999999997769	6.7799999999997764	6.799999999999776	6.8199999999997756	6.8399999999997751	6.8599999999997747	6.8799999999997743	6.8999999999997739	6.9199999999997734	6.939999999999773	6.9599999999997726	6.9799999999997722	6.9999999999997717	7.0199999999997713	7.0399999999997709	7.0599999999997705	7.07999999999977	7.0999999999997696	7.1199999999997692	7.1399999999997688	7.1599999999997683	7.1799999999997679	7.1999999999997675	7.219999999999767	7.2399999999997666	7.2599999999997662	7.2799999999997658	7.2999999999997653	7.3199999999997649	7.3399999999997645	7.3599999999997641	7.3799999999997636	7.3999999999997632	7.4199999999997628	7.4399999999997624	7.4599999999997619	7.4799999999997615	7.4999999999997611	7.5199999999997607	7.5399999999997602	7.5599999999997598	7.5799999999997594	7.5999999999997589	7.6199999999997585	7.6399999999997581	7.6599999999997577	7.6799999999997572	7.6999999999997568	7.7199999999997564	7.739999999999756	7.7599999999997555	7.7799999999997551	7.7999999999997547	7.8199999999997543	7.8399999999997538	7.8599999999997534	7.879999999999753	7.8999999999997526	7.9199999999997521	7.9399999999997517	7.9599999999997513	7.9799999999997508	7.9999999999997504	0	7.8143388449919742E-7	8.2137564091577065E-7	8.6327262542620545E-7	9.072159782373703E-7	9.5330085417087743E-7	1.0016265879932231E-6	1.0522968660102183E-6	1.1054199041384238E-6	1.1611086326723446E-6	1.2194808879724965E-6	1.2806596113058168E-6	1.3447730550764682E-6	1.4119549966917013E-6	1.4823449603143594E-6	1.556088446760427E-6	1.6333371718072012E-6	1.7142493131848674E-6	1.7989897665315771E-6	1.8877304105996351E-6	1.9806503820080758E-6	2.0779363598446201E-6	2.1797828604278744E-6	2.2863925425488008E-6	2.3979765235184746E-6	2.5147547063575998E-6	2.6369561184715904E-6	2.7648192621636658E-6	2.8985924773469826E-6	3.0385343168258128E-6	3.1849139345245956E-6	3.3380114870527701E-6	3.4981185490025634E-6	3.6655385423861523E-6	3.8405871806280535E-6	4.0235929275381473E-6	4.2148974717004072E-6	4.4148562167220357E-6	4.6238387877978194E-6	4.8422295550541353E-6	5.0704281741473546E-6	5.3088501446013939E-6	5.5579273863793774E-6	5.8181088351947644E-6	6.0898610570774116E-6	6.3736688827209149E-6	6.670036062147439E-6	6.9794859402374844E-6	7.3025621536819594E-6	7.6398293499250199E-6	7.9918739286766285E-6	8.3593048065842346E-6	8.742754205664207E-6	9.1428784661035656E-6	9.5603588840540715E-6	9.9959025750506246E-6	1.0450243363697074E-5	1.0924142700272906E-5	1.141839060492482E-5	1.1933806640117829E-5	1.2471240912030469E-5	1.3031575101589866E-5	1.3615723525851552E-5	1.4224634230439854E-5	1.4859290113774265E-5	1.5520710083817037E-5	1.6209950248086943E-5	1.6928105137693759E-5	1.7676308966156751E-5	1.8455736923780575E-5	1.9267606508369508E-5	2.0113178893070667E-5	2.0993760332144525E-5	2.1910703605469334E-5	2.2865409502593699E-5	2.3859328347159242E-5	2.4893961562521481E-5	2.5970863279405332E-5	2.709164198643608E-5	2.8257962224394016E-5	2.947154632504558E-5	3.0734176195409195E-5	3.2047695148318547E-5	3.3414009780149119E-5	3.4835091896579411E-5	3.6312980487257988E-5	3.7849783750253414E-5	3.9447681167162474E-5	4.1108925629755461E-5	4.2835845619036944E-5	4.4630847437598927E-5	4.6496417496145237E-5	4.8435124655059881E-5	5.0449622621894299E-5	5.254265240564047E-5	5.4717044828655963E-5	5.697572309709988E-5	5.932170543073383E-5	6.1758107752933082E-5	6.428814644174792E-5	6.6915141142843824E-5	6.9642517645139299E-5	7.247381081995032E-5	7.5412667624436789E-5	7.8462850170133385E-5	8.1628238857332972E-5	8.4912835576073776E-5	8.8320766974465622E-5	9.1856287795071977E-5	9.5523784280043171E-5	9.9327777645678421E-5	1.032729276270676E-4	1.0736403609344393E-4	1.1160605073484969E-4	1.1600406882069319E-4	1.2056334103074495E-4	1.2528927535909146E-4	1.3018744109153407E-4	1.3526357285688573E-4	1.40523574752585E-4	1.4597352454500962E-4	1.5161967794483241E-4	1.5746847295772395E-4	1.6352653431066309E-4	1.6980067795407413E-4	1.7629791563996032E-4	1.8302545957616168E-4	1.8999072715680958E-4	1.9720134576900141E-4	2.0466515767566832E-4	2.1239022497454712E-4	2.2038483463311632E-4	2.2865750359929064E-4	2.372169839876141E-4	2.4607226834061959E-4	2.5523259496496389E-4	2.6470745334187357E-4	2.7450658961137333E-4	2.8464001212968778E-4	2.9511799709914149E-4	3.0595109426979753E-4	3.1715013271200115E-4	3.2872622665891451E-4	3.4069078141803536E-4	3.5305549935062239E-4	3.6583238591784636E-4	3.7903375579240579E-4	3.9267223903425197E-4	4.0676078732896476E-4	4.213126802872403E-4	4.3634153180383255E-4	4.5186129647420658E-4	4.6788627606704405E-4	4.8443112605064525E-4	5.0151086217115808E-4	5.1914086708045861E-4	5.3733689701138446E-4	5.5611508849792842E-4	5.7549196513786093E-4	5.9548444439513947E-4	6.1610984443935448E-4	6.3738589101931418E-4	6.5933072436777157E-4	6.819629061341453E-4	7.0530142634198654E-4	7.293657103677819E-4	7.5417562593758144E-4	7.7975149013777701E-4	8.0611407643625406E-4	8.3328462170996975E-4	8.6128483327490245E-4	8.9013689591414748E-4	9.1986347889983226E-4	9.5048774300433565E-4	9.8203334749619761E-4	1.0145244571159264E-3	1.0479857490267844E-3	1.0824424197354949E-3	1.1179201919776281E-3	1.154445321562333E-3	1.192044604170883E-3	1.230745382103384E-3	1.2705755509678463E-3	1.311563566305643E-3	1.3537384501472794E-3	1.3971297974922018E-3	1.441767782706243E-3	1.4876831658301797E-3	1.5349072987926821E-3	1.5834721315208273E-3	1.6334102179411945E-3	1.6847547218643961E-3	1.7375394227457871E-3	1.7917987213149295E-3	1.8475676450662617E-3	1.9048818536032662E-3	1.9637776438283226E-3	2.0242919549702701E-3	2.0864623734415887E-3	2.1503271375169553E-3	2.2159251418248653E-3	2.2832959416437715E-3	2.3524797569942188E-3	2.4235174765181978E-3	2.4964506611369216E-3	2.5713215474780665E-3	2.6481730510634453E-3	2.727048769247942E-3	2.8079929839004742E-3	2.8910506638176359E-3	2.9762674668605978E-3	3.0636897418057293E-3	3.1533645298993697E-3	3.2453395661070782E-3	3.3396632800476167E-3	3.4363847966018758E-3	3.5355539361869048E-3	3.6372212146851229E-3	3.7414378430187987E-3	3.8482557263597784E-3	3.957727462964503E-3	4.0699063426242518E-3	4.184846344720581E-3	4.3026021358759294E-3	4.4232290671893052E-3	4.5467831710470563E-3	4.6733211574987001E-3	4.8029004101877984E-3	4.9355789818279674E-3	5.0714155892140666E-3	5.2104696077587718E-3	5.352801065544679E-3	5.4984706368822814E-3	5.6475396353641502E-3	5.8000700064058056E-3	5.9561243192638239E-3	6.1157657585218933E-3	6.2790581150355771E-3	6.446065776326791E-3	6.6168537164190133E-3	6.7914874851045448E-3	6.970033196635193E-3	7.1525575178279718E-3	7.3391276555776616E-3	7.5298113437681736E-3	7.7246768295749415E-3	7.9237928591508119E-3	8.1272286626880783E-3	8.3350539388496042E-3	8.5473388385622264E-3	8.7641539481659574E-3	8.9855702719126834E-3	9.2116592138084558E-3	9.4424925587937997E-3	9.6781424532566621E-3	9.918681384873106E-3	1.0164182161771167E-2	1.0414717891013572E-2	1.0670361956395508E-2	1.0931187995553968E-2	1.1197269876385585E-2	1.1468681672770343E-2	1.1745497639598883E-2	1.202779218710168E-2	1.2315639854478692E-2	1.2609115282828673E-2	1.2908293187377686E-2	1.3213248329006992E-2	1.3524055485080793E-2	1.3840789419575032E-2	1.4163524852508798E-2	1.4492336428680539E-2	1.4827298685711707E-2	1.5168486021401181E-2	1.551597266039418E-2	1.5869832620170114E-2	1.623013967635429E-2	1.6596967327359144E-2	1.697038875836096E-2	1.7350476804619076E-2	1.7737303914144811E-2	1.8130942109728175E-2	1.8531462950331031E-2	1.8938937491856021E-2	1.935343624730114E-2	1.9775029146310564E-2	2.020378549413309E-2	2.0639773929999966E-2	2.1083062384934782E-2	2.1533718039008744E-2	2.1991807278055175E-2	2.2457395649857936E-2	2.2930547819829103E-2	2.3411327526191832E-2	2.3899797534685241E-2	2.4396019592808509E-2	2.4900054383622489E-2	2.5411961479127387E-2	2.5931799293236173E-2	2.6459625034363683E-2	2.6995494657652414E-2	2.7539462816856378E-2	2.8091582815905406E-2	2.8651906560172542E-2	2.9220484507468322E-2	2.9797365618785928E-2	3.0382597308822295E-2	3.0976225396300572E-2	3.1578294054120111E-2	3.2188845759360929E-2	3.2807921243169891E-2	3.3435559440556796E-2	3.4071797440129122E-2	3.4716670433794374E-2	3.5370211666460288E-2	3.6032452385762984E-2	3.6703421791854228E-2	3.7383146987279237E-2	3.8071652926977118E-2	3.876896236843648E-2	3.9475095822039265E-2	4.0190071501626311E-2	4.091390527531874E-2	4.1646610616629429E-2	4.2388198555899557E-2	4.3138677632095473E-2	4.3898053845001346E-2	4.4666330607843821E-2	4.5443508700384876E-2	4.6229586222519402E-2	4.7024558548414731E-2	4.7828418281228885E-2	4.8641155208445391E-2	4.9462756257861847E-2	5.0293205454270469E-2	5.1132483876868279E-2	5.1980569617435052E-2	5.2837437739317532E-2	5.3703060237257648E-2	5.4577405998103561E-2	5.5460440762441429E-2	5.6352127087186531E-2	5.7252424309171705E-2	5.8161288509771432E-2	5.9078672480599573E-2	6.0004525690318611E-2	6.0938794252598141E-2	6.1881420895260157E-2	6.2832344930648251E-2	6.3791502227257879E-2	6.4758825182664181E-2	6.5734242697783815E-2	6.6717680152506495E-2	6.7709059382732084E-2	6.8708298658847991E-2	6.9715312665681428E-2	7.0730012483960839E-2	7.1752305573319672E-2	7.2782095756875553E-2	7.3819283207417014E-2	7.486376443522938E-2	7.5915432277590705E-2	7.697417588996798E-2	7.8039880738942774E-2	7.9112428596895101E-2	8.0191697538473133E-2	8.1277561938875642E-2	8.2369892473973069E-2	8.3468556122292328E-2	8.4573416168889332E-2	8.5684332211132155E-2	8.6801160166417105E-2	8.7923752281838324E-2	8.9051957145830904E-2	9.0185619701806219E-2	9.1324581263796875E-2	9.2468679534127837E-2	9.3617748623128563E-2	9.4771619070900287E-2	9.5930117871150938E-2	9.7093068497108956E-2	9.8260290929526095E-2	9.9431601686777768E-2	0.10060681385706817	0.10178573713274619	0.1029681778467364	0.10415393901108805	0.10534282035764413	0.10653461838082984	0.1077291263825597	0.10892613451925992	0.11012542985100209	0.11132679639274154	0.11253001516765355	0.11373486426255799	0.11494111888542148	0.11614855142492546	0.11735693151208584	0.11856602608390905	0.11977559944906746	0.1209854133555756	0.12219522706044676	0.12340479740130864	0.12461387886995406	0.12582222368780238	0.12702958188324437	0.12823570137084295	0.12944032803235961	0.13064320579957556	0.13184407673887436	0.13304268113755174	0.13423875759181692	0.13543204309644744	0.13662227313605885	0.13780918177794863	0.13899250176647246	0.14017196461890949	0.14134730072277141	0.14251823943450986	0.14368450917957351	0.14484583755376695	0.14600195142586025	0.14715257704139817	0.14829744012765589	0.14943626599968707	0.15056877966740972	0.15169470594367238	0.15281376955324372	0.15392569524266711	0.15503020789091987	0.1561270326208167	0.15721589491109619	0.15829652070912689	0.15936863654417019	0.16043196964113537	0.16148624803476186	0.16253120068416282	0.16356655758766345	0.16459204989786694	0.1656074100368802	0.16661237181163119	0.16760667052920869	0.16859004311215575	0.16956222821364655	0.17052296633247732	0.17147199992780035	0.17240907353353138	0.17333393387235876	0.17424632996928438	0.17514601326462523	0.17603273772640429	0.17690625996206094	0.1777663393294088	0.17861273804677205	0.17944522130222842	0.18026355736188976	0.18106751767715018	0.18185687699083264	0.18263141344216452	0.18339090867051491	0.1841351479178247	0.18486392012966321	0.18557701805484425	0.18627423834353654	0.18695538164380279	0.18762025269650404	0.18826866042850554	0.1889004180441225	0.18951534311474372	0.19011325766657394	0.19069398826643483	0.19125736610556743	0.1918032270813794	0.19233141187708103	0.19284176603915673	0.19333414005261879	0.19380838941399209	0.1942643747019803	0.1947019616457647	0.19512102119088906	0.19552142956268528	0.19590306832719634	0.1962658244495539	0.19660959034977157	0.19693426395591362	0.19723974875460384	0.19752595383883872	0.19779279395307209	0.19804018953553967	0.19826806675779454	0.19847635756142559	0.19866499969193363	0.19883393672974162	0.1989831181183169	0.19911249918938678	0.19922204118522863	0.19931171127801983	0.199381482586234	0.1994313341880713	0.19946125113191437	0.19947122444380186	0.19946125113191471	0.19943133418807196	0.19938148258623498	0.19931171127802116	0.19922204118523029	0.19911249918938881	0.19898311811831926	0.19883393672974428	0.19866499969193666	0.19847635756142892	0.19826806675779821	0.1980401895355437	0.19779279395307645	0.19752595383884339	0.19723974875460881	0.19693426395591893	0.19660959034977721	0.19626582444955989	0.19590306832720258	0.19552142956269189	0.19512102119089597	0.19470196164577194	0.19426437470198785	0.19380838941399992	0.19333414005262692	0.1928417660391652	0.1923314118770898	0.19180322708138847	0.19125736610557681	0.19069398826644449	0.19011325766658391	0.18951534311475396	0.18890041804413302	0.18826866042851634	0.18762025269651511	0.18695538164381417	0.1862742383435482	0.18557701805485619	0.18486392012967537	0.18413514791783717	0.1833909086705276	0.18263141344217748	0.18185687699084582	0.18106751767716361	0.18026355736190344	0.17944522130224236	0.17861273804678623	0.17776633932942321	0.17690625996207554	0.17603273772641917	0.1751460132646403	0.1742463299692997	0.17333393387237425	0.17240907353354709	0.17147199992781628	0.17052296633249342	0.16956222821366287	0.16859004311217224	0.1676066705292254	0.16661237181164806	0.16560741003689725	0.16459204989788417	0.16356655758768085	0.16253120068418039	0.16148624803477957	0.16043196964115322	0.1593686365441882	0.15829652070914504	0.15721589491111448	0.15612703262083513	0.15503020789093841	0.15392569524268584	0.15281376955326256	0.1516947059436913	0.15056877966742879	0.14943626599970625	0.14829744012767515	0.14715257704141754	0.14600195142587971	0.14484583755378649	0.14368450917959316	0.1425182394345296	0.14134730072279122	0.14017196461892936	0.13899250176649242	0.13780918177796861	0.13662227313607889	0.13543204309646756	0.13423875759183707	0.13304268113757192	0.13184407673889459	0.13064320579959587	0.12944032803237995	0.12823570137086329	0.12702958188326474	0.12582222368782278	0.12461387886997448	0.12340479740132905	0.1221952270604672	0.12098541335559604	0.11977559944908787	0.11856602608392942	0.11735693151210617	0.11614855142494575	0.11494111888544173	0.1137348642625782	0.11253001516767371	0.11132679639276162	0.11012542985102212	0.10892613451927989	0.1077291263825796	0.10653461838084968	0.10534282035766392	0.10415393901110774	0.10296817784675599	0.10178573713276574	0.10060681385708764	9.9431601686797128E-2	9.8260290929545357E-2	9.7093068497128135E-2	9.593011787117002E-2	9.4771619070919258E-2	9.3617748623147437E-2	9.24686795341466E-2	9.1324581263815541E-2	9.018561970182476E-2	8.9051957145849334E-2	8.7923752281856643E-2	8.6801160166435298E-2	8.5684332211150238E-2	8.4573416168907276E-2	8.3468556122310175E-2	8.2369892473990777E-2	8.1277561938893211E-2	8.0191697538490578E-2	7.9112428596912407E-2	7.8039880738959955E-2	7.6974175889985036E-2	7.5915432277607622E-2	7.4863764435246158E-2	7.3819283207433667E-2	7.2782095756892068E-2	7.1752305573336034E-2	7.0730012483977048E-2	6.9715312665697499E-2	6.8708298658863923E-2	6.7709059382747877E-2	6.6717680152522121E-2	6.5734242697799289E-2	6.4758825182679516E-2	6.3791502227273061E-2	6.2832344930663295E-2	6.1881420895275048E-2	6.0938794252612907E-2	6.0004525690333189E-2	5.9078672480614033E-2	5.8161288509785719E-2	5.725242430918584E-2	5.6352127087200492E-2	5.5460440762455258E-2	5.4577405998117216E-2	5.3703060237271165E-2	5.2837437739330882E-2	5.1980569617448277E-2	5.113248387688131E-2	5.0293205454283382E-2	4.9462756257874579E-2	4.8641155208457985E-2	4.7828418281241313E-2	4.7024558548427006E-2	4.6229586222531517E-2	4.5443508700396852E-2	4.4666330607855624E-2	4.389805384501301E-2	4.3138677632106964E-2	4.2388198555910923E-2	4.1646610616640614E-2	4.0913905275329808E-2	4.0190071501637205E-2	3.947509582205002E-2	3.8768962368447075E-2	3.8071652926987581E-2	3.7383146987289534E-2	3.6703421791864393E-2	3.6032452385772996E-2	3.5370211666470169E-2	3.4716670433804095E-2	3.4071797440138704E-2	3.3435559440566226E-2	3.2807921243179189E-2	3.2188845759370081E-2	3.1578294054129132E-2	3.0976225396309436E-2	3.0382597308831038E-2	2.9797365618794515E-2	2.9220484507476791E-2	2.8651906560180868E-2	2.8091582815913601E-2	2.7539462816864438E-2	2.6995494657660348E-2	2.6459625034371489E-2	2.5931799293243858E-2	2.5411961479134951E-2	2.490005438362991E-2	2.4396019592815801E-2	2.3899797534692416E-2	2.3411327526198893E-2	2.2930547819836028E-2	2.2457395649864736E-2	2.1991807278061857E-2	2.1533718039015323E-2	2.1083062384941235E-2	2.0639773930006291E-2	2.0203785494139318E-2	1.9775029146316684E-2	1.9353436247307138E-2	1.8938937491861898E-2	1.8531462950336808E-2	1.8130942109733851E-2	1.7737303914150369E-2	1.7350476804624523E-2	1.697038875836631E-2	1.65969673273644E-2	1.6230139676359445E-2	1.5869832620175151E-2	1.5515972660399134E-2	1.5168486021406044E-2	1.4827298685716464E-2	1.4492336428685191E-2	1.4163524852513371E-2	1.384078941957952E-2	1.3524055485085184E-2	1.3213248329011289E-2	1.2908293187381899E-2	1.2609115282832805E-2	1.2315639854482734E-2	1.2027792187105634E-2	1.1745497639602758E-2	1.1468681672774142E-2	1.1197269876389299E-2	1.0931187995557593E-2	1.0670361956399062E-2	1.0414717891017056E-2	1.016418216177457E-2	9.918681384876428E-3	9.6781424532599147E-3	9.4424925587969916E-3	9.2116592138115731E-3	8.9855702719157243E-3	8.7641539481689342E-3	8.5473388385651407E-3	8.3350539388524457E-3	8.1272286626908538E-3	7.9237928591535285E-3	7.7246768295776008E-3	7.5298113437707644E-3	7.3391276555801917E-3	7.1525575178304464E-3	6.9700331966376164E-3	6.7914874851069075E-3	6.6168537164213136E-3	6.4460657763290418E-3	6.2790581150377776E-3	6.1157657585240366E-3	5.9561243192659142E-3	5.8000700064078483E-3	5.647539635366146E-3	5.4984706368842251E-3	5.3528010655465716E-3	5.2104696077606202E-3	5.0714155892158724E-3	4.9355789818297247E-3	4.8029004101895114E-3	4.6733211575003706E-3	4.5467831710486895E-3	4.4232290671908916E-3	4.3026021358774759E-3	4.1848463447220893E-3	4.0699063426257228E-3	3.957727462965935E-3	3.8482557263611705E-3	3.7414378430201578E-3	3.6372212146864474E-3	3.5355539361881919E-3	3.4363847966031305E-3	3.3396632800488388E-3	3.2453395661082721E-3	3.1533645299005263E-3	3.063689741806853E-3	2.9762674668616946E-3	2.891050663818704E-3	2.8079929839015115E-3	2.7270487692489494E-3	2.6481730510644285E-3	2.5713215474790232E-3	2.4964506611378505E-3	2.4235174765190998E-3	2.3524797569950983E-3	2.2832959416446276E-3	2.2159251418256958E-3	2.1503271375177633E-3	2.0864623734423745E-3	2.024291954971036E-3	1.9637776438290676E-3	1.9048818536039917E-3	1.8475676450669671E-3	1.7917987213156171E-3	1.7375394227464552E-3	1.6847547218650451E-3	1.633410217941827E-3	1.5834721315214422E-3	1.5349072987932792E-3	1.4876831658307611E-3	1.4417677827068076E-3	1.3971297974927502E-3	1.3537384501478133E-3	1.3115635663061614E-3	1.2705755509683496E-3	1.2307453821038747E-3	1.1920446041713583E-3	1.1544453215627955E-3	1.1179201919780779E-3	1.0824424197359314E-3	1.0479857490272089E-3	1.0145244571163373E-3	9.8203334749659703E-4	9.504877430047239E-4	9.1986347890020805E-4	8.9013689591451275E-4	8.6128483327525655E-4	8.3328462171031387E-4	8.0611407643658766E-4	7.7975149013810108E-4	7.5417562593789564E-4	7.2936571036808699E-4	7.053014263422822E-4	6.8196290613443185E-4	6.5933072436804977E-4	6.3738589101958426E-4	6.1610984443961545E-4	5.9548444439539285E-4	5.7549196513810629E-4	5.5611508849816652E-4	5.3733689701161485E-4	5.1914086708068185E-4	5.0151086217137503E-4	4.8443112605085477E-4	4.6788627606724723E-4	4.5186129647440369E-4	4.3634153180402326E-4	4.2131268028742478E-4	4.0676078732914322E-4	3.9267223903442501E-4	3.7903375579257347E-4	3.6583238591800845E-4	3.5305549935077916E-4	3.4069078141818726E-4	3.2872622665906136E-4	3.171501327121434E-4	3.0595109426993479E-4	2.9511799709927458E-4	2.8464001212981648E-4	2.7450658961149764E-4	2.647074533419937E-4	2.5523259496507995E-4	2.4607226834073192E-4	2.3721698398772263E-4	2.2865750359939561E-4	2.2038483463321772E-4	2.1239022497464524E-4	2.0466515767576305E-4	1.9720134576909281E-4	1.89990727156898E-4	1.8302545957624717E-4	1.7629791564004266E-4	1.6980067795415376E-4	1.6352653431074004E-4	1.5746847295779821E-4	1.5161967794490418E-4	1.4597352454507887E-4	1.4052357475265176E-4	1.352635728569501E-4	1.3018744109159628E-4	1.2528927535915141E-4	1.2056334103080289E-4	1.1600406882074902E-4	1.116060507349036E-4	1.0736403609349591E-4	1.0327292762711778E-4	9.9327777645726682E-5	9.5523784280089751E-5	9.1856287795116835E-5	8.8320766974509004E-5	8.4912835576115477E-5	8.162823885737321E-5	7.8462850170172131E-5	7.5412667624474099E-5	7.2473810819986316E-5	6.9642517645173994E-5	6.6915141142877217E-5	6.4288146441780013E-5	6.1758107752963914E-5	5.9321705430763544E-5	5.6975723097128516E-5	5.4717044828683474E-5	5.2542652405666985E-5	5.0449622621919839E-5	4.8435124655084486E-5	4.6496417496168859E-5	4.4630847437621681E-5	4.2835845619058858E-5	4.1108925629776562E-5	3.9447681167182721E-5	3.7849783750272841E-5	3.631298048727669E-5	3.4835091896597422E-5	3.3414009780166452E-5	3.2047695148335223E-5	3.0734176195425242E-5	2.9471546325060972E-5	2.8257962224408818E-5	2.7091641986450327E-5	2.5970863279418989E-5	2.4893961562534613E-5	2.3859328347171833E-5	2.2865409502605842E-5	2.1910703605480972E-5	2.0993760332155713E-5	2.0113178893081421E-5	1.9267606508379812E-5	1.8455736923790475E-5	1.7676308966166269E-5	1.692810513770287E-5	1.6209950248095698E-5	1.5520710083825422E-5	1.4859290113782315E-5	1.4224634230447586E-5	1.3615723525858976E-5	1.3031575101596998E-5	1.2471240912037293E-5	1.193380664012438E-5	1.1418390604931109E-5	1.0924142700278922E-5	1.0450243363702845E-5	9.9959025750561642E-6	9.5603588840593706E-6	9.1428784661086495E-6	8.742754205669069E-6	8.359304806588912E-6	7.9918739286811008E-6	7.6398293499293075E-6	7.3025621536860573E-6	6.9794859402414138E-6	6.6700360621512066E-6	6.3736688827245156E-6	6.0898610570808734E-6	5.8181088351980712E-6	5.557927386382547E-6	5.3088501446044212E-6	5.0704281741502549E-6	4.8422295550569136E-6	4.6238387878004731E-6	4.4148562167245768E-6	4.2148974717028331E-6	4.0235929275404767E-6	3.8405871806302778E-6	3.6655385423882813E-6	3.4981185490046018E-6	3.3380114870547148E-6	3.1849139345264574E-6	3.0385343168275941E-6	2.8985924773486813E-6	2.7648192621652917E-6	2.6369561184731456E-6	2.514754706359083E-6	2.397976523519893E-6	2.2863925425501569E-6	2.1797828604291678E-6	2.0779363598458567E-6	1.9806503820092582E-6	1.8877304106007616E-6	1.7989897665326571E-6	1.7142493131858965E-6	1.6333371718081818E-6	1.5560884467613641E-6	1.4823449603152572E-6	1.4119549966925566E-6	1.3447730550772827E-6	1.2806596113065971E-6	1.2194808879732393E-6	1.1611086326730519E-6	1.1054199041390994E-6	1.0522968660108631E-6	1.0016265879938369E-6	9.5330085417146506E-7	9.0721597823792956E-7	8.6327262542673898E-7	8.2137564091627845E-7	7.8143388449968193E-7	7.4336007131237289E-7	-12	-11.98	-11.96	-11.940000000000001	-11.920000000000002	-11.900000000000002	-11.880000000000003	-11.860000000000003	-11.840000000000003	-11.820000000000004	-11.800000000000004	-11.780000000000005	-11.760000000000005	-11.740000000000006	-11.720000000000006	-11.700000000000006	-11.680000000000007	-11.660000000000007	-11.640000000000008	-11.620000000000008	-11.600000000000009	-11.580000000000009	-11.560000000000009	-11.54000000000001	-11.52000000000001	-11.500000000000011	-11.480000000000011	-11.460000000000012	-11.440000000000012	-11.420000000000012	-11.400000000000013	-11.380000000000013	-11.360000000000014	-11.340000000000014	-11.320000000000014	-11.300000000000015	-11.280000000000015	-11.260000000000016	-11.240000000000016	-11.220000000000017	-11.200000000000017	-11.180000000000017	-11.160000000000018	-11.140000000000018	-11.120000000000019	-11.100000000000019	-11.08000000000002	-11.06000000000002	-11.04000000000002	-11.020000000000021	-11.000000000000021	-10.980000000000022	-10.960000000000022	-10.940000000000023	-10.920000000000023	-10.900000000000023	-10.880000000000024	-10.860000000000024	-10.840000000000025	-10.820000000000025	-10.800000000000026	-10.780000000000026	-10.760000000000026	-10.740000000000027	-10.720000000000027	-10.700000000000028	-10.680000000000028	-10.660000000000029	-10.640000000000029	-10.620000000000029	-10.60000000000003	-10.58000000000003	-10.560000000000031	-10.540000000000031	-10.520000000000032	-10.500000000000032	-10.480000000000032	-10.460000000000033	-10.440000000000033	-10.420000000000034	-10.400000000000034	-10.380000000000035	-10.360000000000035	-10.340000000000035	-10.320000000000036	-10.300000000000036	-10.280000000000037	-10.260000000000037	-10.240000000000038	-10.220000000000038	-10.200000000000038	-10.180000000000039	-10.160000000000039	-10.14000000000004	-10.12000000000004	-10.100000000000041	-10.080000000000041	-10.060000000000041	-10.040000000000042	-10.020000000000042	-10.000000000000043	-9.9800000000000431	-9.9600000000000435	-9.9400000000000439	-9.9200000000000443	-9.9000000000000448	-9.8800000000000452	-9.8600000000000456	-9.840000000000046	-9.8200000000000465	-9.8000000000000469	-9.7800000000000473	-9.7600000000000477	-9.7400000000000482	-9.7200000000000486	-9.700000000000049	-9.6800000000000495	-9.6600000000000499	-9.6400000000000503	-9.6200000000000507	-9.6000000000000512	-9.5800000000000516	-9.560000000000052	-9.5400000000000524	-9.5200000000000529	-9.5000000000000533	-9.4800000000000537	-9.4600000000000541	-9.4400000000000546	-9.420000000000055	-9.4000000000000554	-9.3800000000000558	-9.3600000000000563	-9.3400000000000567	-9.3200000000000571	-9.3000000000000576	-9.280000000000058	-9.2600000000000584	-9.2400000000000588	-9.2200000000000593	-9.2000000000000597	-9.1800000000000601	-9.1600000000000605	-9.140000000000061	-9.1200000000000614	-9.1000000000000618	-9.0800000000000622	-9.0600000000000627	-9.0400000000000631	-9.0200000000000635	-9.0000000000000639	-8.9800000000000644	-8.9600000000000648	-8.9400000000000652	-8.9200000000000657	-8.9000000000000661	-8.8800000000000665	-8.8600000000000669	-8.8400000000000674	-8.8200000000000678	-8.8000000000000682	-8.7800000000000686	-8.7600000000000691	-8.7400000000000695	-8.7200000000000699	-8.7000000000000703	-8.6800000000000708	-8.6600000000000712	-8.6400000000000716	-8.620000000000072	-8.6000000000000725	-8.5800000000000729	-8.5600000000000733	-8.5400000000000738	-8.5200000000000742	-8.5000000000000746	-8.480000000000075	-8.4600000000000755	-8.4400000000000759	-8.4200000000000763	-8.4000000000000767	-8.3800000000000772	-8.3600000000000776	-8.340000000000078	-8.3200000000000784	-8.3000000000000789	-8.2800000000000793	-8.2600000000000797	-8.2400000000000801	-8.2200000000000806	-8.200000000000081	-8.1800000000000814	-8.1600000000000819	-8.1400000000000823	-8.1200000000000827	-8.1000000000000831	-8.0800000000000836	-8.060000000000084	-8.0400000000000844	-8.0200000000000848	-8.0000000000000853	-7.9800000000000857	-7.9600000000000861	-7.9400000000000865	-7.920000000000087	-7.9000000000000874	-7.8800000000000878	-7.8600000000000882	-7.8400000000000887	-7.8200000000000891	-7.8000000000000895	-7.78000000000009	-7.7600000000000904	-7.7400000000000908	-7.7200000000000912	-7.7000000000000917	-7.6800000000000921	-7.6600000000000925	-7.6400000000000929	-7.6200000000000934	-7.6000000000000938	-7.5800000000000942	-7.5600000000000946	-7.5400000000000951	-7.5200000000000955	-7.5000000000000959	-7.4800000000000963	-7.4600000000000968	-7.4400000000000972	-7.4200000000000976	-7.4000000000000981	-7.3800000000000985	-7.3600000000000989	-7.3400000000000993	-7.3200000000000998	-7.3000000000001002	-7.2800000000001006	-7.260000000000101	-7.2400000000001015	-7.2200000000001019	-7.2000000000001023	-7.1800000000001027	-7.1600000000001032	-7.1400000000001036	-7.120000000000104	-7.1000000000001044	-7.0800000000001049	-7.0600000000001053	-7.0400000000001057	-7.0200000000001062	-7.0000000000001066	-6.980000000000107	-6.9600000000001074	-6.9400000000001079	-6.9200000000001083	-6.9000000000001087	-6.8800000000001091	-6.8600000000001096	-6.84000000000011	-6.8200000000001104	-6.8000000000001108	-6.7800000000001113	-6.7600000000001117	-6.7400000000001121	-6.7200000000001125	-6.700000000000113	-6.6800000000001134	-6.6600000000001138	-6.6400000000001143	-6.6200000000001147	-6.6000000000001151	-6.5800000000001155	-6.560000000000116	-6.5400000000001164	-6.5200000000001168	-6.5000000000001172	-6.4800000000001177	-6.4600000000001181	-6.4400000000001185	-6.4200000000001189	-6.4000000000001194	-6.3800000000001198	-6.3600000000001202	-6.3400000000001207	-6.3200000000001211	-6.3000000000001215	-6.2800000000001219	-6.2600000000001224	-6.2400000000001228	-6.2200000000001232	-6.2000000000001236	-6.1800000000001241	-6.1600000000001245	-6.1400000000001249	-6.1200000000001253	-6.1000000000001258	-6.0800000000001262	-6.0600000000001266	-6.040000000000127	-6.0200000000001275	-6.0000000000001279	-5.9800000000001283	-5.9600000000001288	-5.9400000000001292	-5.9200000000001296	-5.90000000000013	-5.8800000000001305	-5.8600000000001309	-5.8400000000001313	-5.8200000000001317	-5.8000000000001322	-5.7800000000001326	-5.760000000000133	-5.7400000000001334	-5.7200000000001339	-5.7000000000001343	-5.6800000000001347	-5.6600000000001351	-5.6400000000001356	-5.620000000000136	-5.6000000000001364	-5.5800000000001369	-5.5600000000001373	-5.5400000000001377	-5.5200000000001381	-5.5000000000001386	-5.480000000000139	-5.4600000000001394	-5.4400000000001398	-5.4200000000001403	-5.4000000000001407	-5.3800000000001411	-5.3600000000001415	-5.340000000000142	-5.3200000000001424	-5.3000000000001428	-5.2800000000001432	-5.2600000000001437	-5.2400000000001441	-5.2200000000001445	-5.200000000000145	-5.1800000000001454	-5.1600000000001458	-5.1400000000001462	-5.1200000000001467	-5.1000000000001471	-5.0800000000001475	-5.0600000000001479	-5.0400000000001484	-5.0200000000001488	-5.0000000000001492	-4.9800000000001496	-4.9600000000001501	-4.9400000000001505	-4.9200000000001509	-4.9000000000001513	-4.8800000000001518	-4.8600000000001522	-4.8400000000001526	-4.8200000000001531	-4.8000000000001535	-4.7800000000001539	-4.7600000000001543	-4.7400000000001548	-4.7200000000001552	-4.7000000000001556	-4.680000000000156	-4.6600000000001565	-4.6400000000001569	-4.6200000000001573	-4.6000000000001577	-4.5800000000001582	-4.5600000000001586	-4.540000000000159	-4.5200000000001594	-4.5000000000001599	-4.4800000000001603	-4.4600000000001607	-4.4400000000001612	-4.4200000000001616	-4.400000000000162	-4.3800000000001624	-4.3600000000001629	-4.3400000000001633	-4.3200000000001637	-4.3000000000001641	-4.2800000000001646	-4.260000000000165	-4.2400000000001654	-4.2200000000001658	-4.2000000000001663	-4.1800000000001667	-4.1600000000001671	-4.1400000000001675	-4.120000000000168	-4.1000000000001684	-4.0800000000001688	-4.0600000000001693	-4.0400000000001697	-4.0200000000001701	-4.0000000000001705	-3.9800000000001705	-3.9600000000001705	-3.9400000000001705	-3.9200000000001705	-3.9000000000001704	-3.8800000000001704	-3.8600000000001704	-3.8400000000001704	-3.8200000000001704	-3.8000000000001704	-3.7800000000001703	-3.7600000000001703	-3.7400000000001703	-3.7200000000001703	-3.7000000000001703	-3.6800000000001702	-3.6600000000001702	-3.6400000000001702	-3.6200000000001702	-3.6000000000001702	-3.5800000000001702	-3.5600000000001701	-3.5400000000001701	-3.5200000000001701	-3.5000000000001701	-3.4800000000001701	-3.4600000000001701	-3.44000000000017	-3.42000000000017	-3.40000000000017	-3.38000000000017	-3.36000000000017	-3.3400000000001699	-3.3200000000001699	-3.3000000000001699	-3.2800000000001699	-3.2600000000001699	-3.2400000000001699	-3.2200000000001698	-3.2000000000001698	-3.1800000000001698	-3.1600000000001698	-3.1400000000001698	-3.1200000000001697	-3.1000000000001697	-3.0800000000001697	-3.0600000000001697	-3.0400000000001697	-3.0200000000001697	-3.0000000000001696	-2.9800000000001696	-2.9600000000001696	-2.9400000000001696	-2.9200000000001696	-2.9000000000001696	-2.8800000000001695	-2.8600000000001695	-2.8400000000001695	-2.8200000000001695	-2.8000000000001695	-2.7800000000001694	-2.7600000000001694	-2.7400000000001694	-2.7200000000001694	-2.7000000000001694	-2.6800000000001694	-2.6600000000001693	-2.6400000000001693	-2.6200000000001693	-2.6000000000001693	-2.5800000000001693	-2.5600000000001693	-2.5400000000001692	-2.5200000000001692	-2.5000000000001692	-2.4800000000001692	-2.4600000000001692	-2.4400000000001691	-2.4200000000001691	-2.4000000000001691	-2.3800000000001691	-2.3600000000001691	-2.3400000000001691	-2.320000000000169	-2.300000000000169	-2.280000000000169	-2.260000000000169	-2.240000000000169	-2.2200000000001689	-2.2000000000001689	-2.1800000000001689	-2.1600000000001689	-2.1400000000001689	-2.1200000000001689	-2.1000000000001688	-2.0800000000001688	-2.0600000000001688	-2.0400000000001688	-2.0200000000001688	-2.0000000000001688	-1.9800000000001687	-1.9600000000001687	-1.9400000000001687	-1.9200000000001687	-1.9000000000001687	-1.8800000000001686	-1.8600000000001686	-1.8400000000001686	-1.8200000000001686	-1.8000000000001686	-1.7800000000001686	-1.7600000000001685	-1.7400000000001685	-1.7200000000001685	-1.7000000000001685	-1.6800000000001685	-1.6600000000001685	-1.6400000000001684	-1.6200000000001684	-1.6000000000001684	-1.5800000000001684	-1.5600000000001684	-1.5400000000001683	-1.5200000000001683	-1.5000000000001683	-1.4800000000001683	-1.4600000000001683	-1.4400000000001683	-1.4200000000001682	-1.4000000000001682	-1.3800000000001682	-1.3600000000001682	-1.3400000000001682	-1.3200000000001681	-1.3000000000001681	-1.2800000000001681	-1.2600000000001681	-1.2400000000001681	-1.2200000000001681	-1.200000000000168	-1.180000000000168	-1.160000000000168	-1.140000000000168	-1.120000000000168	-1.100000000000168	-1.0800000000001679	-1.0600000000001679	-1.0400000000001679	-1.0200000000001679	-1.0000000000001679	-0.98000000000016785	-0.96000000000016783	-0.94000000000016781	-0.92000000000016779	-0.90000000000016778	-0.88000000000016776	-0.86000000000016774	-0.84000000000016772	-0.82000000000016771	-0.80000000000016769	-0.78000000000016767	-0.76000000000016765	-0.74000000000016763	-0.72000000000016762	-0.7000000000001676	-0.68000000000016758	-0.66000000000016756	-0.64000000000016755	-0.62000000000016753	-0.60000000000016751	-0.58000000000016749	-0.56000000000016747	-0.54000000000016746	-0.52000000000016744	-0.50000000000016742	-0.4800000000001674	-0.46000000000016739	-0.44000000000016737	-0.42000000000016735	-0.40000000000016733	-0.38000000000016732	-0.3600000000001673	-0.34000000000016728	-0.32000000000016726	-0.30000000000016724	-0.28000000000016723	-0.26000000000016721	-0.24000000000016722	-0.22000000000016723	-0.20000000000016724	-0.18000000000016725	-0.16000000000016726	-0.14000000000016727	-0.12000000000016726	-0.10000000000016726	-8.0000000000167257E-2	-6.0000000000167253E-2	-4.0000000000167249E-2	-2.0000000000167249E-2	-1.6724815976587593E-13	1.9999999999832752E-2	3.9999999999832753E-2	5.9999999999832757E-2	7.999999999983276E-2	9.9999999999832764E-2	0.11999999999983277	0.13999999999983276	0.15999999999983275	0.17999999999983274	0.19999999999983273	0.21999999999983272	0.23999999999983271	0.2599999999998327	0.27999999999983272	0.29999999999983273	0.31999999999983275	0.33999999999983277	0.35999999999983279	0.3799999999998328	0.39999999999983282	0.41999999999983284	0.43999999999983286	0.45999999999983288	0.47999999999983289	0.49999999999983291	0.51999999999983293	0.53999999999983295	0.55999999999983296	0.57999999999983298	0.599999999999833	0.61999999999983302	0.63999999999983304	0.65999999999983305	0.67999999999983307	0.69999999999983309	0.71999999999983311	0.73999999999983312	0.75999999999983314	0.77999999999983316	0.79999999999983318	0.8199999999998332	0.83999999999983321	0.85999999999983323	0.87999999999983325	0.89999999999983327	0.91999999999983328	0.9399999999998333	0.95999999999983332	0.97999999999983334	0.99999999999983336	1.0199999999998333	1.0399999999998333	1.0599999999998333	1.0799999999998333	1.0999999999998333	1.1199999999998334	1.1399999999998334	1.1599999999998334	1.1799999999998334	1.1999999999998334	1.2199999999998334	1.2399999999998335	1.2599999999998335	1.2799999999998335	1.2999999999998335	1.3199999999998335	1.3399999999998335	1.3599999999998336	1.3799999999998336	1.3999999999998336	1.4199999999998336	1.4399999999998336	1.4599999999998337	1.4799999999998337	1.4999999999998337	1.5199999999998337	1.5399999999998337	1.5599999999998337	1.5799999999998338	1.5999999999998338	1.6199999999998338	1.6399999999998338	1.6599999999998338	1.6799999999998338	1.6999999999998339	1.7199999999998339	1.7399999999998339	1.7599999999998339	1.7799999999998339	1.799999999999834	1.819999999999834	1.839999999999834	1.859999999999834	1.879999999999834	1.899999999999834	1.9199999999998341	1.9399999999998341	1.9599999999998341	1.9799999999998341	1.9999999999998341	2.0199999999998339	2.0399999999998339	2.059999999999834	2.079999999999834	2.099999999999834	2.119999999999834	2.139999999999834	2.1599999999998341	2.1799999999998341	2.1999999999998341	2.2199999999998341	2.2399999999998341	2.2599999999998341	2.2799999999998342	2.2999999999998342	2.3199999999998342	2.3399999999998342	2.3599999999998342	2.3799999999998342	2.3999999999998343	2.4199999999998343	2.4399999999998343	2.4599999999998343	2.4799999999998343	2.4999999999998344	2.5199999999998344	2.5399999999998344	2.5599999999998344	2.5799999999998344	2.5999999999998344	2.6199999999998345	2.6399999999998345	2.6599999999998345	2.6799999999998345	2.6999999999998345	2.7199999999998346	2.7399999999998346	2.7599999999998346	2.7799999999998346	2.7999999999998346	2.8199999999998346	2.8399999999998347	2.8599999999998347	2.8799999999998347	2.8999999999998347	2.9199999999998347	2.9399999999998347	2.9599999999998348	2.9799999999998348	2.9999999999998348	3.0199999999998348	3.0399999999998348	3.0599999999998349	3.0799999999998349	3.0999999999998349	3.1199999999998349	3.1399999999998349	3.1599999999998349	3.179999999999835	3.199999999999835	3.219999999999835	3.239999999999835	3.259999999999835	3.279999999999835	3.2999999999998351	3.3199999999998351	3.3399999999998351	3.3599999999998351	3.3799999999998351	3.3999999999998352	3.4199999999998352	3.4399999999998352	3.4599999999998352	3.4799999999998352	3.4999999999998352	3.5199999999998353	3.5399999999998353	3.5599999999998353	3.5799999999998353	3.5999999999998353	3.6199999999998353	3.6399999999998354	3.6599999999998354	3.6799999999998354	3.6999999999998354	3.7199999999998354	3.7399999999998355	3.7599999999998355	3.7799999999998355	3.7999999999998355	3.8199999999998355	3.8399999999998355	3.8599999999998356	3.8799999999998356	3.8999999999998356	3.9199999999998356	3.9399999999998356	3.9599999999998357	3.9799999999998357	3.9999999999998357	4.0199999999998353	4.0399999999998348	4.0599999999998344	4.079999999999834	4.0999999999998336	4.1199999999998331	4.1399999999998327	4.1599999999998323	4.1799999999998319	4.1999999999998314	4.219999999999831	4.2399999999998306	4.2599999999998301	4.2799999999998297	4.2999999999998293	4.3199999999998289	4.3399999999998284	4.359999999999828	4.3799999999998276	4.3999999999998272	4.4199999999998267	4.4399999999998263	4.4599999999998259	4.4799999999998255	4.499999999999825	4.5199999999998246	4.5399999999998242	4.5599999999998237	4.5799999999998233	4.5999999999998229	4.6199999999998225	4.639999999999822	4.6599999999998216	4.6799999999998212	4.6999999999998208	4.7199999999998203	4.7399999999998199	4.7599999999998195	4.7799999999998191	4.7999999999998186	4.8199999999998182	4.8399999999998178	4.8599999999998174	4.8799999999998169	4.8999999999998165	4.9199999999998161	4.9399999999998156	4.9599999999998152	4.9799999999998148	4.9999999999998144	5.0199999999998139	5.0399999999998135	5.0599999999998131	5.0799999999998127	5.0999999999998122	5.1199999999998118	5.1399999999998114	5.159999999999811	5.1799999999998105	5.1999999999998101	5.2199999999998097	5.2399999999998093	5.2599999999998088	5.2799999999998084	5.299999999999808	5.3199999999998075	5.3399999999998071	5.3599999999998067	5.3799999999998063	5.3999999999998058	5.4199999999998054	5.439999999999805	5.4599999999998046	5.4799999999998041	5.4999999999998037	5.5199999999998033	5.5399999999998029	5.5599999999998024	5.579999999999802	5.5999999999998016	5.6199999999998012	5.6399999999998007	5.6599999999998003	5.6799999999997999	5.6999999999997994	5.719999999999799	5.7399999999997986	5.7599999999997982	5.7799999999997977	5.7999999999997973	5.8199999999997969	5.8399999999997965	5.859999999999796	5.8799999999997956	5.8999999999997952	5.9199999999997948	5.9399999999997943	5.9599999999997939	5.9799999999997935	5.9999999999997931	6.0199999999997926	6.0399999999997922	6.0599999999997918	6.0799999999997913	6.0999999999997909	6.1199999999997905	6.1399999999997901	6.1599999999997896	6.1799999999997892	6.1999999999997888	6.2199999999997884	6.2399999999997879	6.2599999999997875	6.2799999999997871	6.2999999999997867	6.3199999999997862	6.3399999999997858	6.3599999999997854	6.379999999999785	6.3999999999997845	6.4199999999997841	6.4399999999997837	6.4599999999997832	6.4799999999997828	6.4999999999997824	6.519999999999782	6.5399999999997815	6.5599999999997811	6.5799999999997807	6.5999999999997803	6.6199999999997798	6.6399999999997794	6.659999999999779	6.6799999999997786	6.6999999999997781	6.7199999999997777	6.7399999999997773	6.7599999999997769	6.7799999999997764	6.799999999999776	6.8199999999997756	6.8399999999997751	6.8599999999997747	6.8799999999997743	6.8999999999997739	6.9199999999997734	6.939999999999773	6.9599999999997726	6.9799999999997722	6.9999999999997717	7.0199999999997713	7.0399999999997709	7.0599999999997705	7.07999999999977	7.0999999999997696	7.1199999999997692	7.1399999999997688	7.1599999999997683	7.1799999999997679	7.1999999999997675	7.219999999999767	7.2399999999997666	7.2599999999997662	7.2799999999997658	7.2999999999997653	7.3199999999997649	7.3399999999997645	7.3599999999997641	7.3799999999997636	7.3999999999997632	7.4199999999997628	7.4399999999997624	7.4599999999997619	7.4799999999997615	7.4999999999997611	7.5199999999997607	7.5399999999997602	7.5599999999997598	7.5799999999997594	7.5999999999997589	7.6199999999997585	7.6399999999997581	7.6599999999997577	7.6799999999997572	7.6999999999997568	7.7199999999997564	7.739999999999756	7.7599999999997555	7.7799999999997551	7.7999999999997547	7.8199999999997543	7.8399999999997538	7.8599999999997534	7.879999999999753	7.8999999999997526	7.9199999999997521	7.9399999999997517	7.9599999999997513	7.9799999999997508	7.9999999999997504	7.4336007131191072E-7	7.8143388449919742E-7	8.2137564091577065E-7	8.6327262542620545E-7	9.072159782373703E-7	9.5330085417087743E-7	1.0016265879932231E-6	1.0522968660102183E-6	1.1054199041384238E-6	1.1611086326723446E-6	1.2194808879724965E-6	1.2806596113058168E-6	1.3447730550764682E-6	1.4119549966917013E-6	1.4823449603143594E-6	1.556088446760427E-6	1.6333371718072012E-6	1.7142493131848674E-6	1.7989897665315771E-6	1.8877304105996351E-6	1.9806503820080758E-6	2.0779363598446201E-6	2.1797828604278744E-6	2.2863925425488008E-6	2.3979765235184746E-6	2.5147547063575998E-6	2.6369561184715904E-6	2.7648192621636658E-6	2.8985924773469826E-6	3.0385343168258128E-6	3.1849139345245956E-6	3.3380114870527701E-6	3.4981185490025634E-6	3.6655385423861523E-6	3.8405871806280535E-6	4.0235929275381473E-6	4.2148974717004072E-6	4.4148562167220357E-6	4.6238387877978194E-6	4.8422295550541353E-6	5.0704281741473546E-6	5.3088501446013939E-6	5.5579273863793774E-6	5.8181088351947644E-6	6.0898610570774116E-6	6.3736688827209149E-6	6.670036062147439E-6	6.9794859402374844E-6	7.3025621536819594E-6	7.6398293499250199E-6	7.9918739286766285E-6	8.3593048065842346E-6	8.742754205664207E-6	9.1428784661035656E-6	9.5603588840540715E-6	9.9959025750506246E-6	1.0450243363697074E-5	1.0924142700272906E-5	1.141839060492482E-5	1.1933806640117829E-5	1.2471240912030469E-5	1.3031575101589866E-5	1.3615723525851552E-5	1.4224634230439854E-5	1.4859290113774265E-5	1.5520710083817037E-5	1.6209950248086943E-5	1.6928105137693759E-5	1.7676308966156751E-5	1.8455736923780575E-5	1.9267606508369508E-5	2.0113178893070667E-5	2.0993760332144525E-5	2.1910703605469334E-5	2.2865409502593699E-5	2.3859328347159242E-5	2.4893961562521481E-5	2.5970863279405332E-5	2.709164198643608E-5	2.8257962224394016E-5	2.947154632504558E-5	3.0734176195409195E-5	3.2047695148318547E-5	3.3414009780149119E-5	3.4835091896579411E-5	3.6312980487257988E-5	3.7849783750253414E-5	3.9447681167162474E-5	4.1108925629755461E-5	4.2835845619036944E-5	4.4630847437598927E-5	4.6496417496145237E-5	4.8435124655059881E-5	5.0449622621894299E-5	5.254265240564047E-5	5.4717044828655963E-5	5.697572309709988E-5	5.932170543073383E-5	6.1758107752933082E-5	6.428814644174792E-5	6.6915141142843824E-5	6.9642517645139299E-5	7.247381081995032E-5	7.5412667624436789E-5	7.8462850170133385E-5	8.1628238857332972E-5	8.4912835576073776E-5	8.8320766974465622E-5	9.1856287795071977E-5	9.5523784280043171E-5	9.9327777645678421E-5	1.032729276270676E-4	1.0736403609344393E-4	1.1160605073484969E-4	1.1600406882069319E-4	1.2056334103074495E-4	1.2528927535909146E-4	1.3018744109153407E-4	1.3526357285688573E-4	1.40523574752585E-4	1.4597352454500962E-4	1.5161967794483241E-4	1.5746847295772395E-4	1.6352653431066309E-4	1.6980067795407413E-4	1.7629791563996032E-4	1.8302545957616168E-4	1.8999072715680958E-4	1.9720134576900141E-4	2.0466515767566832E-4	2.1239022497454712E-4	2.2038483463311632E-4	2.2865750359929064E-4	2.372169839876141E-4	2.4607226834061959E-4	2.5523259496496389E-4	2.6470745334187357E-4	2.7450658961137333E-4	2.8464001212968778E-4	2.9511799709914149E-4	3.0595109426979753E-4	3.1715013271200115E-4	3.2872622665891451E-4	3.4069078141803536E-4	3.5305549935062239E-4	3.6583238591784636E-4	3.7903375579240579E-4	3.9267223903425197E-4	4.0676078732896476E-4	4.213126802872403E-4	4.3634153180383255E-4	4.5186129647420658E-4	4.6788627606704405E-4	4.8443112605064525E-4	5.0151086217115808E-4	5.1914086708045861E-4	5.3733689701138446E-4	5.5611508849792842E-4	5.7549196513786093E-4	5.9548444439513947E-4	6.1610984443935448E-4	6.3738589101931418E-4	6.5933072436777157E-4	6.819629061341453E-4	7.0530142634198654E-4	7.293657103677819E-4	7.5417562593758144E-4	7.7975149013777701E-4	8.0611407643625406E-4	8.3328462170996975E-4	8.6128483327490245E-4	8.9013689591414748E-4	9.1986347889983226E-4	9.5048774300433565E-4	9.8203334749619761E-4	1.0145244571159264E-3	1.0479857490267844E-3	1.0824424197354949E-3	1.1179201919776281E-3	1.154445321562333E-3	1.192044604170883E-3	1.230745382103384E-3	1.2705755509678463E-3	1.311563566305643E-3	1.3537384501472794E-3	1.3971297974922018E-3	1.441767782706243E-3	1.4876831658301797E-3	1.5349072987926821E-3	1.5834721315208273E-3	1.6334102179411945E-3	1.6847547218643961E-3	1.7375394227457871E-3	1.7917987213149295E-3	1.8475676450662617E-3	1.9048818536032662E-3	1.9637776438283226E-3	2.0242919549702701E-3	2.0864623734415887E-3	2.1503271375169553E-3	2.2159251418248653E-3	2.2832959416437715E-3	2.3524797569942188E-3	2.4235174765181978E-3	2.4964506611369216E-3	2.5713215474780665E-3	2.6481730510634453E-3	2.727048769247942E-3	2.8079929839004742E-3	2.8910506638176359E-3	2.9762674668605978E-3	3.0636897418057293E-3	3.1533645298993697E-3	3.2453395661070782E-3	3.3396632800476167E-3	3.4363847966018758E-3	3.5355539361869048E-3	3.6372212146851229E-3	3.7414378430187987E-3	3.8482557263597784E-3	3.957727462964503E-3	4.0699063426242518E-3	4.184846344720581E-3	4.3026021358759294E-3	4.4232290671893052E-3	4.5467831710470563E-3	4.6733211574987001E-3	4.8029004101877984E-3	4.9355789818279674E-3	5.0714155892140666E-3	5.2104696077587718E-3	5.352801065544679E-3	5.4984706368822814E-3	5.6475396353641502E-3	5.8000700064058056E-3	5.9561243192638239E-3	6.1157657585218933E-3	6.2790581150355771E-3	6.446065776326791E-3	6.6168537164190133E-3	6.7914874851045448E-3	6.970033196635193E-3	7.1525575178279718E-3	7.3391276555776616E-3	7.5298113437681736E-3	7.7246768295749415E-3	7.9237928591508119E-3	8.1272286626880783E-3	8.3350539388496042E-3	8.5473388385622264E-3	8.7641539481659574E-3	8.9855702719126834E-3	9.2116592138084558E-3	9.4424925587937997E-3	9.6781424532566621E-3	9.918681384873106E-3	1.0164182161771167E-2	1.0414717891013572E-2	1.0670361956395508E-2	1.0931187995553968E-2	1.1197269876385585E-2	1.1468681672770343E-2	1.1745497639598883E-2	1.202779218710168E-2	1.2315639854478692E-2	1.2609115282828673E-2	1.2908293187377686E-2	1.3213248329006992E-2	1.3524055485080793E-2	1.3840789419575032E-2	1.4163524852508798E-2	1.4492336428680539E-2	1.4827298685711707E-2	1.5168486021401181E-2	1.551597266039418E-2	1.5869832620170114E-2	1.623013967635429E-2	1.6596967327359144E-2	1.697038875836096E-2	1.7350476804619076E-2	1.7737303914144811E-2	1.8130942109728175E-2	1.8531462950331031E-2	1.8938937491856021E-2	1.935343624730114E-2	1.9775029146310564E-2	2.020378549413309E-2	2.0639773929999966E-2	2.1083062384934782E-2	2.1533718039008744E-2	2.1991807278055175E-2	2.2457395649857936E-2	2.2930547819829103E-2	2.3411327526191832E-2	2.3899797534685241E-2	2.4396019592808509E-2	2.4900054383622489E-2	2.5411961479127387E-2	2.5931799293236173E-2	2.6459625034363683E-2	2.6995494657652414E-2	2.7539462816856378E-2	2.8091582815905406E-2	2.8651906560172542E-2	2.9220484507468322E-2	2.9797365618785928E-2	3.0382597308822295E-2	3.0976225396300572E-2	3.1578294054120111E-2	3.2188845759360929E-2	3.2807921243169891E-2	3.3435559440556796E-2	3.4071797440129122E-2	3.4716670433794374E-2	3.5370211666460288E-2	3.6032452385762984E-2	3.6703421791854228E-2	3.7383146987279237E-2	3.8071652926977118E-2	3.876896236843648E-2	3.9475095822039265E-2	4.0190071501626311E-2	4.091390527531874E-2	4.1646610616629429E-2	4.2388198555899557E-2	4.3138677632095473E-2	4.3898053845001346E-2	4.4666330607843821E-2	4.5443508700384876E-2	4.6229586222519402E-2	4.7024558548414731E-2	4.7828418281228885E-2	4.8641155208445391E-2	4.9462756257861847E-2	5.0293205454270469E-2	5.1132483876868279E-2	5.1980569617435052E-2	5.2837437739317532E-2	5.3703060237257648E-2	5.4577405998103561E-2	5.5460440762441429E-2	5.6352127087186531E-2	5.7252424309171705E-2	5.8161288509771432E-2	5.9078672480599573E-2	6.0004525690318611E-2	6.0938794252598141E-2	6.1881420895260157E-2	6.2832344930648251E-2	6.3791502227257879E-2	6.4758825182664181E-2	6.5734242697783815E-2	6.6717680152506495E-2	6.7709059382732084E-2	6.8708298658847991E-2	6.9715312665681428E-2	7.0730012483960839E-2	7.1752305573319672E-2	7.2782095756875553E-2	7.3819283207417014E-2	7.486376443522938E-2	7.5915432277590705E-2	7.697417588996798E-2	7.8039880738942774E-2	7.9112428596895101E-2	8.0191697538473133E-2	8.1277561938875642E-2	8.2369892473973069E-2	8.3468556122292328E-2	8.4573416168889332E-2	8.5684332211132155E-2	8.6801160166417105E-2	8.7923752281838324E-2	8.9051957145830904E-2	9.0185619701806219E-2	9.1324581263796875E-2	9.2468679534127837E-2	9.3617748623128563E-2	9.4771619070900287E-2	9.5930117871150938E-2	9.7093068497108956E-2	9.8260290929526095E-2	9.9431601686777768E-2	0.10060681385706817	0.10178573713274619	0.1029681778467364	0.10415393901108805	0.10534282035764413	0.10653461838082984	0.1077291263825597	0.10892613451925992	0.11012542985100209	0.11132679639274154	0.11253001516765355	0.11373486426255799	0.11494111888542148	0.11614855142492546	0.11735693151208584	0.11856602608390905	0.11977559944906746	0.1209854133555756	0.12219522706044676	0.12340479740130864	0.12461387886995406	0.12582222368780238	0.12702958188324437	0.12823570137084295	0.12944032803235961	0.13064320579957556	0.13184407673887436	0.13304268113755174	0.13423875759181692	0.13543204309644744	0.13662227313605885	0.13780918177794863	0.13899250176647246	0.14017196461890949	0.14134730072277141	0.14251823943450986	0.14368450917957351	0.14484583755376695	0.14600195142586025	0.14715257704139817	0.14829744012765589	0.14943626599968707	0.15056877966740972	0.15169470594367238	0.15281376955324372	0.15392569524266711	0.15503020789091987	0.1561270326208167	0.15721589491109619	0.15829652070912689	0.15936863654417019	0.16043196964113537	0.16148624803476186	0.16253120068416282	0.16356655758766345	0.16459204989786694	0.1656074100368802	0.16661237181163119	0.16760667052920869	0.16859004311215575	0.16956222821364655	0.17052296633247732	0.17147199992780035	0.17240907353353138	0.17333393387235876	0.17424632996928438	0.17514601326462523	0.17603273772640429	0.17690625996206094	0.1777663393294088	0.17861273804677205	0.17944522130222842	0.18026355736188976	0.18106751767715018	0.18185687699083264	0.18263141344216452	0.18339090867051491	0.1841351479178247	0.18486392012966321	0.18557701805484425	0.18627423834353654	0.18695538164380279	0.18762025269650404	0.18826866042850554	0.1889004180441225	0.18951534311474372	0.19011325766657394	0.19069398826643483	0.19125736610556743	0.1918032270813794	0.19233141187708103	0.19284176603915673	0.19333414005261879	0.19380838941399209	0.1942643747019803	0.1947019616457647	0.19512102119088906	0.19552142956268528	0.19590306832719634	0.1962658244495539	0.19660959034977157	0.19693426395591362	0.19723974875460384	0.19752595383883872	0.19779279395307209	0.19804018953553967	0.19826806675779454	0.19847635756142559	0.19866499969193363	0.19883393672974162	0.1989831181183169	0.19911249918938678	0.19922204118522863	0.19931171127801983	0.199381482586234	0.1994313341880713	0.19946125113191437	0.19947122444380186	0.19946125113191471	0.19943133418807196	0.19938148258623498	0.19931171127802116	0.19922204118523029	0.19911249918938881	0.19898311811831926	0.19883393672974428	0.19866499969193666	0.19847635756142892	0.19826806675779821	0.1980401895355437	0.19779279395307645	0.19752595383884339	0.19723974875460881	0.19693426395591893	0.19660959034977721	0.19626582444955989	0.19590306832720258	0.19552142956269189	0.19512102119089597	0.19470196164577194	0.19426437470198785	0.19380838941399992	0.19333414005262692	0.1928417660391652	0.1923314118770898	0.19180322708138847	0.19125736610557681	0.19069398826644449	0.19011325766658391	0.18951534311475396	0.18890041804413302	0.18826866042851634	0.18762025269651511	0.18695538164381417	0.1862742383435482	0.18557701805485619	0.18486392012967537	0.18413514791783717	0.1833909086705276	0.18263141344217748	0.18185687699084582	0.18106751767716361	0.18026355736190344	0.17944522130224236	0.17861273804678623	0.17776633932942321	0.17690625996207554	0.17603273772641917	0.1751460132646403	0.1742463299692997	0.17333393387237425	0.17240907353354709	0.17147199992781628	0.17052296633249342	0.16956222821366287	0.16859004311217224	0.1676066705292254	0.16661237181164806	0.16560741003689725	0.16459204989788417	0.16356655758768085	0.16253120068418039	0.16148624803477957	0.16043196964115322	0.1593686365441882	0.15829652070914504	0.15721589491111448	0.15612703262083513	0.15503020789093841	0.15392569524268584	0.15281376955326256	0.1516947059436913	0.15056877966742879	0.14943626599970625	0.14829744012767515	0.14715257704141754	0.14600195142587971	0.14484583755378649	0.14368450917959316	0.1425182394345296	0.14134730072279122	0.14017196461892936	0.13899250176649242	0.13780918177796861	0.13662227313607889	0.13543204309646756	0.13423875759183707	0.13304268113757192	0.13184407673889459	0.13064320579959587	0.12944032803237995	0.12823570137086329	0.12702958188326474	0.12582222368782278	0.12461387886997448	0.12340479740132905	0.1221952270604672	0.12098541335559604	0.11977559944908787	0.11856602608392942	0.11735693151210617	0.11614855142494575	0.11494111888544173	0.1137348642625782	0.11253001516767371	0.11132679639276162	0.11012542985102212	0.10892613451927989	0.1077291263825796	0.10653461838084968	0.10534282035766392	0.10415393901110774	0.10296817784675599	0.10178573713276574	0.10060681385708764	9.9431601686797128E-2	9.8260290929545357E-2	9.7093068497128135E-2	9.593011787117002E-2	9.4771619070919258E-2	9.3617748623147437E-2	9.24686795341466E-2	9.1324581263815541E-2	9.018561970182476E-2	8.9051957145849334E-2	8.7923752281856643E-2	8.6801160166435298E-2	8.5684332211150238E-2	8.4573416168907276E-2	8.3468556122310175E-2	8.2369892473990777E-2	8.1277561938893211E-2	8.0191697538490578E-2	7.9112428596912407E-2	7.8039880738959955E-2	7.6974175889985036E-2	7.5915432277607622E-2	7.4863764435246158E-2	7.3819283207433667E-2	7.2782095756892068E-2	7.1752305573336034E-2	7.0730012483977048E-2	6.9715312665697499E-2	6.8708298658863923E-2	6.7709059382747877E-2	6.6717680152522121E-2	6.5734242697799289E-2	6.4758825182679516E-2	6.3791502227273061E-2	6.2832344930663295E-2	6.1881420895275048E-2	6.0938794252612907E-2	6.0004525690333189E-2	5.9078672480614033E-2	5.8161288509785719E-2	5.725242430918584E-2	5.6352127087200492E-2	5.5460440762455258E-2	5.4577405998117216E-2	5.3703060237271165E-2	5.2837437739330882E-2	5.1980569617448277E-2	5.113248387688131E-2	5.0293205454283382E-2	4.9462756257874579E-2	4.8641155208457985E-2	4.7828418281241313E-2	4.7024558548427006E-2	4.6229586222531517E-2	4.5443508700396852E-2	4.4666330607855624E-2	4.389805384501301E-2	4.3138677632106964E-2	4.2388198555910923E-2	4.1646610616640614E-2	4.0913905275329808E-2	4.0190071501637205E-2	3.947509582205002E-2	3.8768962368447075E-2	3.8071652926987581E-2	3.7383146987289534E-2	3.6703421791864393E-2	3.6032452385772996E-2	3.5370211666470169E-2	3.4716670433804095E-2	3.4071797440138704E-2	3.3435559440566226E-2	3.2807921243179189E-2	3.2188845759370081E-2	3.1578294054129132E-2	3.0976225396309436E-2	3.0382597308831038E-2	2.9797365618794515E-2	2.9220484507476791E-2	2.8651906560180868E-2	2.8091582815913601E-2	2.7539462816864438E-2	2.6995494657660348E-2	2.6459625034371489E-2	2.5931799293243858E-2	2.5411961479134951E-2	2.490005438362991E-2	2.4396019592815801E-2	2.3899797534692416E-2	2.3411327526198893E-2	2.2930547819836028E-2	2.2457395649864736E-2	2.1991807278061857E-2	2.1533718039015323E-2	2.1083062384941235E-2	2.0639773930006291E-2	2.0203785494139318E-2	1.9775029146316684E-2	1.9353436247307138E-2	1.8938937491861898E-2	1.8531462950336808E-2	1.8130942109733851E-2	1.7737303914150369E-2	1.7350476804624523E-2	1.697038875836631E-2	1.65969673273644E-2	1.6230139676359445E-2	1.5869832620175151E-2	1.5515972660399134E-2	1.5168486021406044E-2	1.4827298685716464E-2	1.4492336428685191E-2	1.4163524852513371E-2	1.384078941957952E-2	1.3524055485085184E-2	1.3213248329011289E-2	1.2908293187381899E-2	1.2609115282832805E-2	1.2315639854482734E-2	1.2027792187105634E-2	1.1745497639602758E-2	1.1468681672774142E-2	1.1197269876389299E-2	1.0931187995557593E-2	1.0670361956399062E-2	1.0414717891017056E-2	1.016418216177457E-2	9.918681384876428E-3	9.6781424532599147E-3	9.4424925587969916E-3	9.2116592138115731E-3	8.9855702719157243E-3	8.7641539481689342E-3	8.5473388385651407E-3	8.3350539388524457E-3	8.1272286626908538E-3	7.9237928591535285E-3	7.7246768295776008E-3	7.5298113437707644E-3	7.3391276555801917E-3	7.1525575178304464E-3	6.9700331966376164E-3	6.7914874851069075E-3	6.6168537164213136E-3	6.4460657763290418E-3	6.2790581150377776E-3	6.1157657585240366E-3	5.9561243192659142E-3	5.8000700064078483E-3	5.647539635366146E-3	5.4984706368842251E-3	5.3528010655465716E-3	5.2104696077606202E-3	5.0714155892158724E-3	4.9355789818297247E-3	4.8029004101895114E-3	4.6733211575003706E-3	4.5467831710486895E-3	4.4232290671908916E-3	4.3026021358774759E-3	4.1848463447220893E-3	4.0699063426257228E-3	3.957727462965935E-3	3.8482557263611705E-3	3.7414378430201578E-3	3.6372212146864474E-3	3.5355539361881919E-3	3.4363847966031305E-3	3.3396632800488388E-3	3.2453395661082721E-3	3.1533645299005263E-3	3.063689741806853E-3	2.9762674668616946E-3	2.891050663818704E-3	2.8079929839015115E-3	2.7270487692489494E-3	2.6481730510644285E-3	2.5713215474790232E-3	2.4964506611378505E-3	2.4235174765190998E-3	2.3524797569950983E-3	2.2832959416446276E-3	2.2159251418256958E-3	2.1503271375177633E-3	2.0864623734423745E-3	2.024291954971036E-3	1.9637776438290676E-3	1.9048818536039917E-3	1.8475676450669671E-3	1.7917987213156171E-3	1.7375394227464552E-3	1.6847547218650451E-3	1.633410217941827E-3	1.5834721315214422E-3	1.5349072987932792E-3	1.4876831658307611E-3	1.4417677827068076E-3	1.3971297974927502E-3	1.3537384501478133E-3	1.3115635663061614E-3	1.2705755509683496E-3	1.2307453821038747E-3	1.1920446041713583E-3	1.1544453215627955E-3	1.1179201919780779E-3	1.0824424197359314E-3	1.0479857490272089E-3	1.0145244571163373E-3	9.8203334749659703E-4	9.504877430047239E-4	9.1986347890020805E-4	8.9013689591451275E-4	8.6128483327525655E-4	8.3328462171031387E-4	8.0611407643658766E-4	7.7975149013810108E-4	7.5417562593789564E-4	7.2936571036808699E-4	7.053014263422822E-4	6.8196290613443185E-4	6.5933072436804977E-4	6.3738589101958426E-4	6.1610984443961545E-4	5.9548444439539285E-4	5.7549196513810629E-4	5.5611508849816652E-4	5.3733689701161485E-4	5.1914086708068185E-4	5.0151086217137503E-4	4.8443112605085477E-4	4.6788627606724723E-4	4.5186129647440369E-4	4.3634153180402326E-4	4.2131268028742478E-4	4.0676078732914322E-4	3.9267223903442501E-4	3.7903375579257347E-4	3.6583238591800845E-4	3.5305549935077916E-4	3.4069078141818726E-4	3.2872622665906136E-4	3.171501327121434E-4	3.0595109426993479E-4	2.9511799709927458E-4	2.8464001212981648E-4	2.7450658961149764E-4	2.647074533419937E-4	2.5523259496507995E-4	2.4607226834073192E-4	2.3721698398772263E-4	2.2865750359939561E-4	2.2038483463321772E-4	2.1239022497464524E-4	2.0466515767576305E-4	1.9720134576909281E-4	1.89990727156898E-4	1.8302545957624717E-4	1.7629791564004266E-4	1.6980067795415376E-4	1.6352653431074004E-4	1.5746847295779821E-4	1.5161967794490418E-4	1.4597352454507887E-4	1.4052357475265176E-4	1.352635728569501E-4	1.3018744109159628E-4	1.2528927535915141E-4	1.2056334103080289E-4	1.1600406882074902E-4	1.116060507349036E-4	1.0736403609349591E-4	1.0327292762711778E-4	9.9327777645726682E-5	9.5523784280089751E-5	9.1856287795116835E-5	8.8320766974509004E-5	8.4912835576115477E-5	8.162823885737321E-5	7.8462850170172131E-5	7.5412667624474099E-5	7.2473810819986316E-5	6.9642517645173994E-5	6.6915141142877217E-5	6.4288146441780013E-5	6.1758107752963914E-5	5.9321705430763544E-5	5.6975723097128516E-5	5.4717044828683474E-5	5.2542652405666985E-5	5.0449622621919839E-5	4.8435124655084486E-5	4.6496417496168859E-5	4.4630847437621681E-5	4.2835845619058858E-5	4.1108925629776562E-5	3.9447681167182721E-5	3.7849783750272841E-5	3.631298048727669E-5	3.4835091896597422E-5	3.3414009780166452E-5	3.2047695148335223E-5	3.0734176195425242E-5	2.9471546325060972E-5	2.8257962224408818E-5	2.7091641986450327E-5	2.5970863279418989E-5	2.4893961562534613E-5	2.3859328347171833E-5	2.2865409502605842E-5	2.1910703605480972E-5	2.0993760332155713E-5	2.0113178893081421E-5	1.9267606508379812E-5	1.8455736923790475E-5	1.7676308966166269E-5	1.692810513770287E-5	1.6209950248095698E-5	1.5520710083825422E-5	1.4859290113782315E-5	1.4224634230447586E-5	1.3615723525858976E-5	1.3031575101596998E-5	1.2471240912037293E-5	1.193380664012438E-5	1.1418390604931109E-5	1.0924142700278922E-5	1.0450243363702845E-5	9.9959025750561642E-6	9.5603588840593706E-6	9.1428784661086495E-6	8.742754205669069E-6	8.359304806588912E-6	7.9918739286811008E-6	7.6398293499293075E-6	7.3025621536860573E-6	6.9794859402414138E-6	6.6700360621512066E-6	6.3736688827245156E-6	6.0898610570808734E-6	5.8181088351980712E-6	5.557927386382547E-6	5.3088501446044212E-6	5.0704281741502549E-6	4.8422295550569136E-6	4.6238387878004731E-6	4.4148562167245768E-6	4.2148974717028331E-6	4.0235929275404767E-6	3.8405871806302778E-6	3.6655385423882813E-6	3.4981185490046018E-6	3.3380114870547148E-6	3.1849139345264574E-6	3.0385343168275941E-6	2.8985924773486813E-6	2.7648192621652917E-6	2.6369561184731456E-6	2.514754706359083E-6	2.397976523519893E-6	2.2863925425501569E-6	2.1797828604291678E-6	2.0779363598458567E-6	1.9806503820092582E-6	1.8877304106007616E-6	1.7989897665326571E-6	1.7142493131858965E-6	1.6333371718081818E-6	1.5560884467613641E-6	1.4823449603152572E-6	1.4119549966925566E-6	1.3447730550772827E-6	1.2806596113065971E-6	1.2194808879732393E-6	1.1611086326730519E-6	1.1054199041390994E-6	1.0522968660108631E-6	1.0016265879938369E-6	9.5330085417146506E-7	9.0721597823792956E-7	8.6327262542673898E-7	8.2137564091627845E-7	7.8143388449968193E-7	7.4336007131237289E-7	w

f(w)


4

Microsoft_Excel_Macro-Enabled_Worksheet1.xlsm
Chart1



2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	1.9069892979821899E-2	3.6485104761271273E-2	6.4164260164921411E-2	0.1	0.1358357398350786	0.16351489523872872	0.18093010702017812	0.19051482536448666	0.19540452601799488	0.1978026114738814	0.19895597486128833	0.19950547536867308	0.19976609794698891	0.19988944427261529	0.19994776193618088	0.19997532108480276	0.19998834174686778	0.19999449286177709	0.19999739857430671	0.19999877116507955	0.19999941953760297	0.19999972580855863	0.19999987048104034	0.19999993881955461	0.19999997110039924	

Adoption rate





AGG COSTS

						Year 1		Year 2		Year 3		Year 4		Year 5		Year 6		Total

				C1: Information		445,000		1,240,000		2,025,000		220,000		300,000		0		4,230,000

				C2: Agriculture R&D, extension		450,000		3,650,000		1,585,000		825,000		269,000		265,000		7,044,000

				C3: Sanitary Phytosanitary		170,000		365,000		135,000		340,000		190,000		0		1,200,000

				Operations and M&E		449,500		467,000		471,000		431,000		413,000		366,500		2,598,000

				Total		1,514,500		5,722,000		4,216,000		1,816,000		1,172,000		631,500		15,072,000

								Abbattoir				12,000



C1: Information	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	445000	1240000	2025000	220000	300000	0	C2: Agriculture R	&	D, extension	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	450000	3650000	1585000	825000	269000	265000	C3: Sanitary Phytosanitary	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	170000	365000	135000	340000	190000	0	Operations and M	&	E	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	449500	467000	471000	431000	413000	366500	USD







BENEFIT DISTRIB

		Benefits Distribution

		Time 1		2025

		Value 1		30.0%

		Time 2		2030

		Value 2		70.0%

		Peak		20.0%



		Alpha		0.75

		T0		2020

		ADOPTION				75%		50%		90%





		2017		1.9%		4%		2%		5%

		2018		3.6%		8%		4%		10%

		2019		6.4%		15%		6%		18%

		2020		10.0%		25%		10%		30%

		2021		13.6%		38%		14%		45%

		2022		16.4%		50%		16%		60%

		2023		18.1%		60%		18%		72%

		2024		19.1%		67%		19%		80%

		2025		19.5%		71%		20%		85%

		2026		19.8%		73%		20%		87%

		2027		19.9%		74%		20%		89%

		2028		20.0%		74%		20%		89%

		2029		20.0%		75%		20%		90%

		2030		20.0%		75%		20%		90%

		2031		20.0%		75%		20%		90%

		2032		20.0%		75%		20%		90%

		2033		20.0%		75%		20%		90%

		2034		20.0%		75%		20%		90%

		2035		20.0%		75%		20%		90%

		2036		20.0%		75%		20%		90%

		2037		20.0%		75%		20%		90%

		2038		20.0%		75%		20%		90%

		2039		20.0%		75%		20%		90%

		2040		20.0%		75%		20%		90%

		2041		20.0%		75%		20%		90%





												2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

		PERCENT ADOPTERS				75%						4%		8%		15%		25%		38%		50%		60%		67%		71%		73%		74%		74%		75%		75%		75%		75%		75%		75%		75%		75%		75%		75%		75%		75%

		PERCENT ADOPTERS				50%						5%		9%		16%		25%		34%		41%		45%		48%		49%		49%		50%		50%		50%		50%		50%		50%		50%		50%		50%		50%		50%		50%		50%		50%
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CBA 50

						MODEL PARAMETERS

						Discount rate		0.12

						Number of potential beneficiaries		Region 10		1,928

								Region 9		3,769

								Region 5		4,615

						Total beneficiaries				10,312

						Benefit factor		380

						For adoption assumptions, see BENEFIT DISTRIB sheet.





						2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24

		COSTS

		C1: Information				$   445,000		$   1,240,000		$   2,025,000		$   220,000		$   300,000		$   - 0

				Agricultural census		$   350,000		$   1,150,000		$   2,000,000		$   200,000		$   300,000

				Supervision and training		$   50,000		$   45,000		$   25,000		$   20,000		$   - 0		$   - 0

				Management plan for hinterland		$   45,000		$   45,000		$   - 0		$   - 0		$   - 0		$   - 0

		C2: Agricultural R&D and extension				$   450,000		$   3,650,000		$   1,585,000		$   825,000		$   269,000		$   265,000

				Agricultural centre infrastructure		$   450,000		$   2,940,000		$   775,000		$   25,000		$   4,000		$   - 0

				Research and extension program implementation				$   335,000		$   245,000		$   235,000		$   195,000		$   185,000

				Farmer incentives and training				$   250,000		$   450,000		$   450,000		$   50,000		$   50,000

				NAREI and GLDA training				$   30,000		$   20,000		$   30,000		$   20,000		$   30,000

				Visiting researcher collaboration				$   55,000		$   55,000		$   45,000

				Support to EPA for supervision				$   40,000		$   40,000		$   40,000		$   - 0		$   - 0

		C3: Sanitary and phytosanitary				$   170,000		$   365,000		$   135,000		$   340,000		$   190,000		$   - 0

				Meat pilot facility		$   70,000		$   250,000		$   20,000		$   250,000		$   - 0		$   - 0

				Milk pilot facility		$   50,000		$   15,000		$   15,000		$   20,000		$   170,000		$   - 0

				SPS training		$   20,000		$   40,000		$   40,000		$   40,000		$   20,000		$   - 0

				Updating legal framework/regulation		$   30,000		$   60,000		$   60,000		$   30,000		$   - 0		$   - 0

		Monitoring and evaluation				$   85,000		$   35,000		$   75,000		$   35,000		$   35,000		$   135,000

		Management and auditing				$   340,000		$   340,000		$   304,000		$   304,000		$   286,000		$   169,500

		Operations and maintenance				$   24,500		$   92,000		$   92,000		$   92,000		$   92,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000

		TOTAL COSTS				$   1,514,500		$   5,722,000		$   4,216,000		$   1,816,000		$   1,172,000		$   631,500		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000

		BENEFITS

		Region 10				$   66,759		$   117,406		$   182,977		$   248,548		$   299,195		$   331,061		$   348,599		$   357,546		$   361,934		$   364,044		$   365,049		$   365,526		$   365,752		$   365,859		$   365,909		$   365,933		$   365,944		$   365,950		$   365,952		$   365,953		$   365,954		$   365,954		$   365,954		$   - 0

				Benefit A

				Benefit B

				Benefit C

		Region 9				$   130,506		$   229,514		$   357,698		$   485,881		$   584,889		$   647,183		$   681,467		$   698,957		$   707,535		$   711,661		$   713,626		$   714,558		$   715,000		$   715,208		$   715,307		$   715,353		$   715,375		$   715,386		$   715,391		$   715,393		$   715,394		$   715,395		$   715,395		$   - 0

				Benefit A

				Benefit B

				Benefit C

		Region 5				$   159,800		$   281,031		$   437,987		$   594,943		$   716,175		$   792,451		$   834,431		$   855,847		$   866,350		$   871,402		$   873,809		$   874,950		$   875,490		$   875,746		$   875,867		$   875,924		$   875,951		$   875,963		$   875,969		$   875,972		$   875,973		$   875,974		$   875,974		$   - 0

				Benefit A

				Benefit B

				Benefit C

		TOTAL BENEFITS				$   357,066		$   627,951		$   978,662		$   1,329,373		$   1,600,258		$   1,770,694		$   1,864,496		$   1,912,350		$   1,935,819		$   1,947,107		$   1,952,484		$   1,955,035		$   1,956,242		$   1,956,813		$   1,957,083		$   1,957,210		$   1,957,270		$   1,957,299		$   1,957,312		$   1,957,318		$   1,957,321		$   1,957,323		$   1,957,324		$   - 0



		NET BENEFITS				$   (1,157,434)		$   (5,094,049)		$   (3,237,338)		$   (486,627)		$   428,258		$   1,139,194		$   1,802,496		$   1,850,350		$   1,873,819		$   1,885,107		$   1,890,484		$   1,893,035		$   1,894,242		$   1,894,813		$   1,895,083		$   1,895,210		$   1,895,270		$   1,895,299		$   1,895,312		$   1,895,318		$   1,895,321		$   1,895,323		$   1,895,324		$   (62,000)





		NET PRESENT VALUE				$   (144,426.93)										$   23,571,811		24

		INTERNAL RATE OF RETURN														$   4,572		$   190.49





CBA 75

						MODEL PARAMETERS

						Discount rate		0.12

						Number of potential beneficiaries		Region 10		1,928

								Region 9		3,769

								Region 5		4,615

						Total beneficiaries				10,312

						Benefit factor		282

						For adoption assumptions, see BENEFIT DISTRIB sheet.





						2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24

		COSTS

		C1: Information				$   445,000		$   1,240,000		$   2,025,000		$   220,000		$   300,000		$   - 0

				Agricultural census		$   350,000		$   1,150,000		$   2,000,000		$   200,000		$   300,000

				Supervision and training		$   50,000		$   45,000		$   25,000		$   20,000		$   - 0		$   - 0

				Management plan for hinterland		$   45,000		$   45,000		$   - 0		$   - 0		$   - 0		$   - 0

		C2: Agricultural R&D and extension				$   450,000		$   3,650,000		$   1,585,000		$   825,000		$   269,000		$   265,000

				Agricultural centre infrastructure		$   450,000		$   2,940,000		$   775,000		$   25,000		$   4,000		$   - 0

				Research and extension program implementation				$   335,000		$   245,000		$   235,000		$   195,000		$   185,000

				Farmer incentives and training				$   250,000		$   450,000		$   450,000		$   50,000		$   50,000

				NAREI and GLDA training				$   30,000		$   20,000		$   30,000		$   20,000		$   30,000

				Visiting researcher collaboration				$   55,000		$   55,000		$   45,000

				Support to EPA for supervision				$   40,000		$   40,000		$   40,000		$   - 0		$   - 0

		C3: Sanitary and phytosanitary				$   170,000		$   365,000		$   135,000		$   340,000		$   190,000		$   - 0

				Meat pilot facility		$   70,000		$   250,000		$   20,000		$   250,000		$   - 0		$   - 0

				Milk pilot facility		$   50,000		$   15,000		$   15,000		$   20,000		$   170,000		$   - 0

				SPS training		$   20,000		$   40,000		$   40,000		$   40,000		$   20,000		$   - 0

				Updating legal framework/regulation		$   30,000		$   60,000		$   60,000		$   30,000		$   - 0		$   - 0

		Monitoring and evaluation				$   85,000		$   35,000		$   75,000		$   35,000		$   35,000		$   135,000

		Management and auditing				$   340,000		$   340,000		$   304,000		$   304,000		$   286,000		$   169,500

		Operations and maintenance				$   24,500		$   92,000		$   92,000		$   92,000		$   92,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000

		TOTAL COSTS				$   1,514,500		$   5,722,000		$   4,216,000		$   1,816,000		$   1,172,000		$   631,500		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000

		BENEFITS

		Region 10				$   44,459		$   80,613		$   135,219		$   203,759		$   272,298		$   326,904		$   363,058		$   384,157		$   395,572		$   401,497		$   404,505		$   406,016		$   406,770		$   407,146		$   407,333		$   407,426		$   407,472		$   407,495		$   407,506		$   407,512		$   407,514		$   407,516		$   407,517		$   - 0

				Benefit A

				Benefit B

				Benefit C

		Region 9				$   86,911		$   157,589		$   264,337		$   398,323		$   532,309		$   639,056		$   709,734		$   750,978		$   773,294		$   784,876		$   790,757		$   793,710		$   795,185		$   795,920		$   796,285		$   796,466		$   796,556		$   796,601		$   796,624		$   796,635		$   796,640		$   796,643		$   796,644		$   - 0

				Benefit A

				Benefit B

				Benefit C

		Region 5				$   106,420		$   192,962		$   323,670		$   487,731		$   651,792		$   782,500		$   869,043		$   919,545		$   946,870		$   961,051		$   968,252		$   971,869		$   973,675		$   974,574		$   975,021		$   975,243		$   975,354		$   975,409		$   975,436		$   975,449		$   975,456		$   975,459		$   975,461		$   - 0

				Benefit A

				Benefit B

				Benefit C

		TOTAL BENEFITS				$   237,790		$   431,165		$   723,226		$   1,089,813		$   1,456,399		$   1,748,460		$   1,941,835		$   2,054,680		$   2,115,736		$   2,147,423		$   2,163,515		$   2,171,595		$   2,175,630		$   2,177,640		$   2,178,639		$   2,179,135		$   2,179,382		$   2,179,504		$   2,179,565		$   2,179,596		$   2,179,611		$   2,179,618		$   2,179,622		$   - 0



		NET BENEFITS				$   (1,276,710)		$   (5,290,835)		$   (3,492,774)		$   (726,187)		$   284,399		$   1,116,960		$   1,879,835		$   1,992,680		$   2,053,736		$   2,085,423		$   2,101,515		$   2,109,595		$   2,113,630		$   2,115,640		$   2,116,639		$   2,117,135		$   2,117,382		$   2,117,504		$   2,117,565		$   2,117,596		$   2,117,611		$   2,117,618		$   2,117,622		$   (62,000)





		NET PRESENT VALUE				$   (160,829.96)

		INTERNAL RATE OF RETURN





CBA 20

						MODEL PARAMETERS

						Discount rate		0.12

						Total potential		10312

						Targetted		5000

						Number of potential beneficiaries		Region 10		935

								Region 9		1,827

								Region 5		2,238

						Total beneficiaries				5,000

						Benefit factor		2,181

						For adoption assumptions, see BENEFIT DISTRIB sheet.





						2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040

						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24

		COSTS

		C1: Information				$   445,000		$   1,240,000		$   2,025,000		$   220,000		$   300,000		$   - 0

				Agricultural census		$   350,000		$   1,150,000		$   2,000,000		$   200,000		$   300,000

				Supervision and training		$   50,000		$   45,000		$   25,000		$   20,000		$   - 0		$   - 0

				Management plan for hinterland		$   45,000		$   45,000		$   - 0		$   - 0		$   - 0		$   - 0

		C2: Agricultural R&D and extension				$   450,000		$   3,650,000		$   1,585,000		$   825,000		$   269,000		$   265,000

				Agricultural centre infrastructure		$   450,000		$   2,940,000		$   775,000		$   25,000		$   4,000		$   - 0

				Research and extension program implementation				$   335,000		$   245,000		$   235,000		$   195,000		$   185,000

				Farmer incentives and training				$   250,000		$   450,000		$   450,000		$   50,000		$   50,000

				NAREI and GLDA training				$   30,000		$   20,000		$   30,000		$   20,000		$   30,000

				Visiting researcher collaboration				$   55,000		$   55,000		$   45,000

				Support to EPA for supervision				$   40,000		$   40,000		$   40,000		$   - 0		$   - 0

		C3: Sanitary and phytosanitary				$   170,000		$   365,000		$   135,000		$   340,000		$   190,000		$   - 0

				Meat pilot facility		$   70,000		$   250,000		$   20,000		$   250,000		$   - 0		$   - 0

				Milk pilot facility		$   50,000		$   15,000		$   15,000		$   20,000		$   170,000		$   - 0

				SPS training		$   20,000		$   40,000		$   40,000		$   40,000		$   20,000		$   - 0

				Updating legal framework/regulation		$   30,000		$   60,000		$   60,000		$   30,000		$   - 0		$   - 0

		Monitoring and evaluation				$   85,000		$   35,000		$   75,000		$   35,000		$   35,000		$   135,000

		Management and auditing				$   340,000		$   340,000		$   304,000		$   304,000		$   286,000		$   169,500

		Operations and maintenance				$   24,500		$   92,000		$   92,000		$   92,000		$   92,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000

		TOTAL COSTS				$   1,514,500		$   5,722,000		$   4,216,000		$   1,816,000		$   1,172,000		$   631,500		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000		$   62,000

		BENEFITS

		Region 10				$   38,882		$   74,390		$   130,825		$   203,891		$   276,957		$   333,393		$   368,901		$   388,443		$   398,413		$   403,303		$   405,654		$   406,775		$   407,306		$   407,558		$   407,676		$   407,733		$   407,759		$   407,772		$   407,778		$   407,780		$   407,782		$   407,782		$   407,783		$   407,783

		Region 9				$   76,009		$   145,423		$   255,747		$   398,582		$   541,417		$   651,742		$   721,156		$   759,359		$   778,848		$   788,406		$   793,004		$   795,194		$   796,233		$   796,724		$   796,957		$   797,067		$   797,118		$   797,143		$   797,155		$   797,160		$   797,163		$   797,164		$   797,164		$   797,165

		Region 5				$   93,070		$   178,065		$   313,153		$   488,049		$   662,945		$   798,033		$   883,028		$   929,806		$   953,671		$   965,374		$   971,003		$   973,685		$   974,957		$   975,559		$   975,844		$   975,978		$   976,042		$   976,072		$   976,086		$   976,093		$   976,096		$   976,097		$   976,098		$   976,098

		TOTAL BENEFITS				$   207,962		$   397,879		$   699,726		$   1,090,523		$   1,481,320		$   1,783,168		$   1,973,085		$   2,077,609		$   2,130,932		$   2,157,084		$   2,169,661		$   2,175,654		$   2,178,496		$   2,179,841		$   2,180,477		$   2,180,777		$   2,180,919		$   2,180,986		$   2,181,018		$   2,181,033		$   2,181,040		$   2,181,044		$   2,181,045		$   2,181,046				$   44,512,324		$   3,709

																																																						PERIOD		24

		NET BENEFITS				$   (1,306,538)		$   (5,324,121)		$   (3,516,274)		$   (725,477)		$   309,320		$   1,151,668		$   1,911,085		$   2,015,609		$   2,068,932		$   2,095,084		$   2,107,661		$   2,113,654		$   2,116,496		$   2,117,841		$   2,118,477		$   2,118,777		$   2,118,919		$   2,118,986		$   2,119,018		$   2,119,033		$   2,119,040		$   2,119,044		$   2,119,045		$   2,119,046		ADOPTERS		500





		NET PRESENT VALUE				$   - 0

		INTERNAL RATE OF RETURN
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image3.emf
AdoptionPercentSample Sample  Mean   Total    Total Mean    Mean  Mean   Mean    Total TotalTotal New 

yields size farmers area area harvest price cost/ha yield net return farmersarea harvest adopters

# # ha/farmha kg USD/kg USD/ha kg/ha USD/HA # ha kg #

Bean

System 1 791 24 0.69 16 3,541         1.21 $     302.34 $     215     (0.87) $       313 215 46,165      

Total adopters

System 2 20% 50% 1,000       0.69 686 4,057,932   1.21 $     3,023.38 $  5,918   4,138.63 $  937

System 2 20% 35% 1,000       0.69 686 2,840,553   1.21 $     3,023.38 $  4,143   1,990.03 $ 

System 2 20% 25% 1,000       0.69 686 2,028,966   1.21 $     3,023.38 $  2,959   557.62 $    

Cassava

System 1 782 224 0.78 174 387,196     0.79 $     138.76 $     2,220   1,619.50 $  2954 2300 5,105,835  

Total adopters

System 2 20% 50% 1,000       0.78 779 4,320,553   0.79 $     1,387.62 $  5,548   2,995.53 $  409

System 2 20% 35% 1,000       0.78 779 3,024,387   0.79 $     1,387.62 $  3,884   1,680.59 $ 

System 2 20% 25% 1,000       0.78 779 2,160,277   0.79 $     1,387.62 $  2,774   803.96 $    


image4.emf
AdoptionPercentSample Sample Mean Head Total  Total Total Total New Net total Net

yields size farmershead sold head Price Cost farmershead head sold adoptersreturn return

Cattle # # head/hh head/hh sold USD/headUSD/head # # # # USD USD/HH

System 1 909 134 14.7

1.24 1967

309.08 $  $18.55 1,520    22,314    1,883       607,686 $  400 $      

Total adopters

System 2 20% 50% 1,000     14.7 1.67        1,670   309.08 $  27.83 $    696 515,694 $  516 $      

System 2 20% 35% 1,000     14.7 1.54        1,541   309.08 $  27.83 $    475,730 $  476 $      

System 2 20% 25% 1,000     14.7 1.45        1,454   309.08 $  27.83 $    449,087 $  449 $      
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2017 2018 2019 2020 2021 2022 2023

1 2 3 4 5 6 7

COSTS

C1: Information 400,000 $                  1,245,000 $            2,015,000 $            210,000 $              300,000 $              - $                             

Agricultural census 350,000 $                  1,150,000 $            2,000,000 $            200,000 $              300,000 $             

Supervision and training 50,000 $                    95,000 $                 15,000 $                 10,000 $                - $                     - $                             

C2: Agricultural R&D and extension 455,000 $                  1,962,000 $            1,686,000 $            1,477,000 $           543,500 $              274,500 $                     

Agricultural centre infrastructure 440,000 $                  1,450,000 $            1,270,000 $            900,000 $              400,000 $              - $                             

Research and extension program implementation 15,000 $                    281,000 $               131,000 $               246,000 $              81,000 $                166,000 $                     

Farmer incentives and training 130,000 $               230,000 $               230,000 $              30,000 $                30,000 $                       

NAREI and GLDA training 66,000 $                 20,000 $                 66,000 $                20,000 $                66,000 $                       

Support to EPA for supervision 35,000 $                 35,000 $                 35,000 $                12,500 $                12,500 $                       

C3: Sanitary and phytosanitary 100,000 $                  175,000 $               1,250,000 $            1,210,000 $           65,000 $                - $                             

Meat pilot facility, Region 9 35,000 $                    55,000 $                 715,000 $               935,000 $              10,000 $                - $                             

Meat pilot facility, Region 5 30,000 $                    35,000 $                 450,000 $               190,000 $              5,000 $                  - $                             

SPS training 20,000 $                    40,000 $                 40,000 $                 40,000 $                20,000 $                - $                             

Updating legal framework/regulation 15,000 $                    45,000 $                 45,000 $                 45,000 $                30,000 $                - $                             

Monitoring and evaluation 85,000 $                    35,000 $                 35,000 $                 75,000 $                35,000 $                135,000 $                     

Management and auditing 286,935 $                  216,645 $               232,345 $               191,525 $              167,975 $              136,575 $                     

Operations and maintenance 20,200 $                 81,800 $                 179,200 $              260,200 $              276,800 $                      276,800 $             

Opportunity cost farmer training 25,310 $                    48,423 $                 59,849 $                 84,297 $                95,122 $                84,297 $                        59,849 $               

TOTAL COSTS

1,352,245 $               3,702,268 $            5,359,994 $            3,427,022 $           1,466,797 $           907,172 $                      336,649 $             

BENEFITS

Region 10 74,912 $                    131,743 $               205,322 $               278,900 $              335,732 $              371,489 $                      391,168 $             

Region 9 146,443 $                  257,541 $               401,378 $               545,215 $              656,313 $              726,214 $                      764,685 $             

Region 5 179,314 $                  315,350 $               491,473 $               667,596 $              803,631 $              889,222 $                      936,329 $             

TOTAL BENEFITS

400,669 $                  704,634 $               1,098,173 $            1,491,711 $           1,795,676 $           1,986,925 $                   2,092,182 $          

NET BENEFITS

(951,575) $                 (2,997,634) $           (4,261,821) $           (1,935,311) $         328,879 $              1,079,753 $                   1,755,533 $          
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COSTS

C1: Information 400,000 $        1,245,000 $     2,015,000 $     210,000 $       300,000 $       - $             

C2: Agricultural R&D and extension 455,000 $        1,962,000 $     1,686,000 $     1,477,000 $    543,500 $       274,500 $      

C3: Sanitary and phytosanitary 100,000 $        175,000 $        1,250,000 $     1,210,000 $    65,000 $         - $             

Monitoring and evaluation 85,000 $          35,000 $          35,000 $          75,000 $         35,000 $         135,000 $      

Management and auditing 286,935 $        216,645 $        232,345 $        191,525 $       167,975 $       136,575 $      

Operations and maintenance 20,200 $          81,800 $          179,200 $       260,200 $       276,800 $       276,800 $      

Opportunity cost farmer training 25,310 $          48,423 $          59,849 $          84,297 $         95,122 $         84,297 $         59,849 $        

TOTAL COSTS

1,352,245 $     3,702,268 $     5,359,994 $     3,427,022 $    1,466,797 $    907,172 $       336,649 $      

BENEFITS

Bean 281,854 $        539,252 $        948,352 $        1,478,007 $    2,007,661 $    2,416,761 $    2,674,159 $   

Cassava 206,350 $        394,796 $        694,305 $        1,082,074 $    1,469,843 $    1,769,352 $    1,957,797 $   

Cattle 9,028 $            17,272 $          30,376 $          47,341 $         64,306 $         77,409 $         85,654 $        

TOTAL BENEFITS

497,232 $        951,320 $        1,673,033 $     2,607,421 $    3,541,810 $    4,263,522 $    4,717,610 $   

NET BENEFITS

(855,012) $      (2,750,948) $   (3,686,962) $   (819,601) $     2,075,013 $    3,356,350 $    4,380,961 $   
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COSTS

C1: Information 400,000 $       1,245,000 $    2,015,000 $    210,000 $       300,000 $       - $              

C2: Agricultural R&D and extension 455,000 $       1,962,000 $    1,686,000 $    1,477,000 $    543,500 $       274,500 $      

C3: Sanitary and phytosanitary 100,000 $       175,000 $       1,250,000 $    1,210,000 $    65,000 $         - $              

Monitoring and evaluation 85,000 $         35,000 $         35,000 $         75,000 $         35,000 $         135,000 $      

Management and auditing 286,935 $       216,645 $       232,345 $       191,525 $       167,975 $       136,575 $      

Operations and maintenance - $               20,200 $         81,800 $         179,200 $       260,200 $       276,800 $       276,800 $      

Opportunity cost farmer training 25,310 $         48,423 $         59,849 $         84,297 $         95,122 $         84,297 $         59,849 $        

TOTAL COSTS

1,352,245 $    3,702,268 $    5,359,994 $    3,427,022 $    1,466,797 $    907,172 $       336,649 $      

BENEFITS

Bean 141,377 $       270,488 $       475,691 $       741,365 $       1,007,038 $    1,212,241 $    1,341,352 $   

Cassava 108,714 $       207,995 $       365,788 $       570,081 $       774,374 $       932,167 $       1,031,448 $   

Cattle 5,809 $           11,115 $         19,547 $         30,464 $         41,381 $         49,813 $         55,118 $        

TOTAL BENEFITS

255,901 $       489,597 $       861,026 $       1,341,909 $    1,822,792 $    2,194,221 $    2,427,918 $   

NET BENEFITS

(1,096,344) $   (3,212,671) $   (4,498,968) $   (2,085,113) $   355,995 $       1,287,049 $    2,091,268 $   
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COSTS

C1: Information 400,000 $       1,245,000 $    2,015,000 $    210,000 $       300,000 $       - $              

C2: Agricultural R&D and extension 455,000 $       1,962,000 $    1,686,000 $    1,477,000 $    543,500 $       274,500 $      

C3: Sanitary and phytosanitary 100,000 $       175,000 $       1,250,000 $    1,210,000 $    65,000 $         - $              

Monitoring and evaluation 85,000 $         35,000 $         35,000 $         75,000 $         35,000 $         135,000 $      

Management and auditing 286,935 $       216,645 $       232,345 $       191,525 $       167,975 $       136,575 $      

Operations and maintenance - $               20,200 $         81,800 $         179,200 $       260,200 $       276,800 $       276,800 $      

Opportunity cost farmer training 25,310 $         48,423 $         59,849 $         84,297 $         95,122 $         84,297 $         59,849 $        

TOTAL COSTS

1,352,245 $    3,702,268 $    5,359,994 $    3,427,022 $    1,466,797 $    907,172 $       336,649 $      

BENEFITS

Bean 47,726 $         91,311 $         160,584 $       250,270 $       339,956 $       409,228 $       452,813 $      

Cassava 43,623 $         83,460 $         146,777 $       228,752 $       310,727 $       374,044 $       413,882 $      

Cattle 3,664 $           7,010 $           12,328 $         19,212 $         26,097 $         31,415 $         34,761 $        

TOTAL BENEFITS

95,013 $         181,781 $       319,688 $       498,234 $       676,780 $       814,688 $       901,456 $      

NET BENEFITS

(1,257,232) $   (3,520,487) $   (5,040,306) $   (2,928,788) $   (790,017) $      (92,484) $        564,807 $      


image10.jpeg
Net Present Value in USD

$30,000,000
$25,000,000
$20,000,000
$15,000,000
$10,000,000
$5,000,000
5-

$(5,000,000)
$(10,000,000)
$(15,000,000)

——NPV ——IRR

50%

40%

30%

20%

10%

0%

-10%

-20%

Internal Rate of Return




image11.png
Mean net returns per farm ($/season)

700

600

500

400

300

200

100

10

Eil

0 0

—=—Popuiation

—+—Non-adopters

60

n rate (%)

—o— adopters

70

il

il

100




image1.emf
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Adoption rate


