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Abstract
The impact of technologies or projects on farmers’ livelihoods must be considered within the context in which people live and operate. This needs a shift in thinking from crops or commodities as central object of research, to approaches that more comprehensively link crops to the stocks and flows of household assets and activities. A livelihoods approach tackles the key factors that affect livelihoods, providing a way of thinking about diverse influences, and ensuring that the key factors are captured. CIMMYT recently conducted two innovative impact studies, in Mexico and in Nepal, that operationalized a livelihood approach to comprehensively capture impacts, and that use similar methods and metrics.

The first case, described in more depth in the paper, assesses a past project conducted by CIMMYT and a Mexican partner in the late 1990’s in the Central Valleys of Oaxaca, Mexico. The aim was to increase productivity and preserve the diversity of traditional criollo maize landraces, offer training and demonstrations, and promote post harvest technologies. In 2006 a study was launched to look at its impacts, at changes in farmers’ livelihoods since the project, and at learning on how such projects can increase their impact. A livelihood approach was applied, together with participatory research tools and economic analysis. Households were grouped into homogeneous types, based on sets of livelihood capitals. The study captures the effects of the project on livelihoods in terms of the use of criollo maize, training, and use of post-harvest technology, and relate them to household characteristics of participants and non-participants. The impacts range from significant to lower or more mixed entity. Reducing poverty by developing and selecting local and improved maize germplasm was however just one of the goals of the past Oaxaca work; other aims were gaining knowledge on maize diversity, and generating participatory methods for working with farmers. The benefits of the latter are hard to quantify, but should also be added qualitatively to the overall picture of impacts. 
An approach similar to that used in Oaxaca, blending qualitative and quantitative tools, participatory methods, economics and using before/after and with/without counterfactuals was used to assess the impacts of the Hill Maize Research Project in Nepal, in areas that share various commonalities. In the Nepal case one aim was to develop and test improved maize varieties through participatory research. The recent impact study captures impacts and outcomes of the past HMRP project in terms of food security, maize productivity, empowerment, social inclusion, and the institutionalization of participatory approaches. 

Interestingly, while the results of the Oaxaca study, located in the area of origin of maize, Mexico, indicate a moderate use of improved maize, declines in maize area, and a loss of the role of maize as commercial crop, they contrast with Nepal where improved maize varieties play an increasingly important roles for livelihoods. In Nepal maize was indeed a way to reach marginalized farmers. The two cases provide lessons on operationalizing impact assessment through a livelihoods lens, so to help capturing the broader and actual impacts of International Public Goods produced by CGIAR centers and partners: in the specific case of these two projects, maize varietal and post-harvest technology, training and capacity building, and the operational use of participatory approaches for research.
Introduction

The impact of technologies or projects on farmers’ livelihoods must be considered within the contexts in which people live and operate. This implies a shift in thinking from one on commodities or crops e.g. maize, as central object of research, to approaches that more comprehensively link crops to the stocks and flows of household assets and activities. A livelihood approach allows tackling the main factors that affect livelihoods, providing a way of thinking through diverse influences, ensuring that the driving factors are captured. 

CIMMYT recently conducted two innovative impact assessments, one in Mexico and one in Nepal, in which it operationalized the use of livelihood approaches to broadly capture impacts in comprehensive ways in conjunction with other assessment tools. The Oaxaca case in Mexico is a full livelihoods and impact assessment research study, the Nepal case is instead partially a research but mainly an external impact assessment project. The two areas show several commonalities as they are mountaineous and (in most cases) they host relatively marginalized communities. This paper summarizes the approach, key findings, and particularly the main lessons we learned in terms of impact, methods and metrics use.
Oaxaca, Mexico

The state of Oaxaca is among the poorest of Mexico. In Oaxaca most rural people are indigenous and maize is the traditional consumption crop. Mexico is the place of origin and biodiversity of maize. Oaxaca concentrates a large part of such biodiversity, thanks to the management and conservation of maize by farmers through the centuries. Maize has special meanings for locals, as it embodies the ideas of food, survival, their culture, traditions, and affection for those from whom it is inherited. The Oaxaca Central Valleys are diverse in their ethnicity, heterogeneous in their agro-ecology, yet they underwent in recent years economic, cultural, social and political changes linked to the globalization of food industries and markets. The area is witnessing steady migration, loss of young people from work in agriculture and loss of agricultural knowledge, marginalization of agriculture, and a declining role for maize as a commercial crop. Local people still grant a special importance to their indigenous culture, including how to prepare and use maize. 

Traditional farming practices have also been put under stress as a result of the fact that the many migrant farmers started introducing other crops or maize hybrids, with potential impacts on maize diversity and economic competitiveness. Criollo varieties (selected by farmers over generations) are valuable even beyond the Central Valleys, contributing to generating improved varieties, for instance tolerance to drought, for the rest of Mexico. 
CIMMYT conducted extensive work in Oaxaca during 1996-2001 in collaboration with the Mexican institute INIFAP-Central Valleys to enhance diversity of maize for farmers and explore how scientists and farmers could conserve maize diversity. The “Maize Diversity Conservation: a farmer-scientist collaborative approach in Oaxaca” (henceforth ‘Oaxaca Project’) project for in situ conservation of maize diversity explored possibilities to increase productivity – yield and stability - and preserve diversity. The work aimed at generating options for small-scale farmers by benefiting of the genetic diversity present in local traditional landraces. The Oaxaca Project included a) a diagnostic assessment of maize diversity and household features, as a baseline, b) research interventions, including field days, demonstrations, training, seeds sales, promotion of post harvest technology, collection and sale of criollo maize, and c) monitoring performance of the interventions. 
The activities of the Oaxaca Project initially covered communities chosen based on agro-ecological, socio-economic and other criteria. Most activities, i.e. a households baseline survey, field days, demonstrations, training, seeds sales, promotion of silos were focused on 6 representative communities, classified into 3 strata: rich, intermediate, poor. Later studies (e.g. Badstue et al., 2006) focused on 3 of them: San Pablo ‘Huitzo’; ‘Santa Ana’ Zegache, ‘San Lorenzo’ Albarradas, each belonging to each strata. Demonstrations were established and a sample household baseline was created for a socio-economic and maize diversity survey of 1998. Training for farmers included: a) an evaluation of knowledge on maize reproduction and maize improvement, b) the principles of maize reproduction, c) field and home seed selection and d) techniques to store maize seeds and grains. 

Nepal, HMRP

Maize is grown, both in the hills and the Terai Region of Nepal, in a wide range of agro-ecological and climatic conditions in complex farming systems. The main staple food of hill farmers, maize is grown on low, mid and high hill terraces under rainfed conditions during the summer. With irrigation, it is also grown in the alluvial plains of Terai, Inner Terai valleys and low-lying river basin areas in spring and winter. Productivity of maize in Nepal is considered as low, with average yield of 1.8 tons/ha. Low productivity may be attributed to both biotic (eg. pests, diseases) and abiotic factors. Nepal’s National Maize Research Programme (NMRP) is mandated with developing suitable technologies to increase the production and productivity of maize in different agro-ecologies through a coordinated research approach. The Hill Maize Research Project (‘henceforth ‘HMRP’) was established as a tripartite research and development project between Nepal’s National Agricultural Research Council (NARC), CIMMYT, and the Swiss Agency for Development and Cooperation (SDC) as the Donor. The NMRP was responsible for implementing and coordinating project activities, while CIMMYT provided technical expertise, germplasm, training and administrative support. HMRP was implemented in two phases: Phase I ran from January 1999 to 2001, with the goal of increasing incomes and food security of farm families in the hills of Nepal by raising the productivity and sustainability of maize-based cropping systems. Outputs include new maize technology, dissemination through Participatory Varietal Selection (PVS) and Community Based Seed Production (CBSP), developing human resources in maize and establishing linkages with partners. Phase II ran from January 2003 to December 2007. The objectives were to develop capacity to generate maize production technologies, develop technologies with and for poor maize farmers, and facilitate the dissemination of maize technologies through extension. This phase emphasized technologies that could be directly given to poor maize farmers, to reach the most marginalized and vulnerable social and economic groups, the dalits, janajatis and women. In fact access to public services is largely driven by social identity such as caste, ethnicity, gender, economic status and physical location. 

Objectives

Both the Oaxaca and Nepal studies were initiated nearly simultaneously and completed between late 2006 and early 2007; yet while the original Oaxaca projects had run from the mid to the late 1990’s, the HMRP run from 1999-2001 and its Phase II to 2003-2007. 

Oaxaca, Mexico

The first case, described in more depth in the paper, assesses the past ‘Oaxaca Project’, particularly the changes in livelihoods linked to Project activities, changes in productivity and preserved diversity of traditional criollo maize landraces, the effects of training and demonstrations offered by the past project, and promotion of post harvest technologies conducted by the project. The Oaxaca study also aimed at learning lessons on how to implement an impact assessment within the framework of a livelihoods approach.

Nepal, HMRP

The overall objective of the HMRP impact study was to assess impacts of HMRP funded activities on the improvement of food security and livelihoods of Nepal hill farm families through the increased productivity and sustainability of maize based cropping systems (Mathema and Gurung, 2006). In Nepal, similarly to Oaxaca, an objective was to develop and test improved maize varieties through on-farm participatory research. The work involved the participation of the poor and excluded groups of women, and aimed to reach out to marginalized and excluded groups. The present study reports impacts as found by Mathema and Gurung (2006), in terms of achievement of food security, productivity of maize, empowerment, social inclusion, and institutionalization of participatory work. 
A livelihoods lens for conducting impact assessment

A ‘livelihoods approach’ is being used at CIMMYT as a logical ‘check list’ of important issues to be considered systematically in doing an IA, to choose or design indicators, and to understand how these link to one another. It draws attention to the core influences and processes and emphasizes the multiple interactions between the various factors which - in practice - affect livelihoods. A recent document by La Rovere and Dixon (2007) offers guidelines on how to design and implement a livelihood approach for impact assessment. Livelihood dimensions comprise food security, lack of assets, risk and vulnerability. This more comprehensive approach to IA is well suited to capture more of the successes and build more meaningful impact stories. The new orientation of IA at CIMMYT attempts to go beyond the past focus on assessing adoption, and outputs and outcomes, but towards assessing actual impact on livelihoods. Adoption in fact provides part of the full impact picture, but actually only ‘assumes’ real impact. IA is thus developed increasingly more in issue-oriented rather than commodity-oriented ways, also by broadening the earlier focus on crops to now encompass livelihoods, different types of impact (direct, indirect), while still maintaining a robust economic analytical basis and many economic indicators. 
Maize research projects as generators of IPGs

A public good is non-rival and non-excludable. This means that consumption of the good by an individual doesn’t reduce the amount available for consumption by others; and no one can be excluded from using that good. Some goods approximate well enough these concepts (see Ryan, 2006). The outputs in the present study in both Oaxaca and Nepal are
- Maize varieties and diversity options and maize post-harvest technology to reach farmers in marginal mountainous areas, to generate food, facilitate diversification, and contribute to sustainable production: in Mexico the past Oaxaca project aimed to increase productivity and preserve diversity, and promote post-harvest technology, while in Nepal the two project phases aimed at developing technologies with and for poor maize farmers

- Strengthened capacity of partners and farmers in maize diversity: in Mexico the Oaxaca project aimed at strengthening farmers capacity by training and demonstrations, in Nepal the HMRP project aimed at the same for partners for generating maize technologies.
- Generating, institutionalizing, and scaling out of participatory research approaches: in both cases the aims were to test and/or outscale participatory research methods on maize, and in Nepal - in addition - to facilitate the dissemination of proper maize technology.
Research on these themes does not reduce the amount available to others, while people cannot be excluded from using them. In addition these goods are known about, available, accessible by partners, and applicable, all of these being characteristics of Public Goods and of research outputs produced by CIMMYT and of the projects discussed in the paper. Also, public goods can be local - available only within a given area, national - available within a country, regional - available to two or more nearby countries in a geographic or political environment, and international - two or more countries across different divides. The Oaxaca case is sub-national, the Nepal case is national. The Public Goods discussed in here are thus International (IPGs), hence relevant to the CGIAR. IPGs in the CGIAR are in fact defined as “research outputs of knowledge and technology generated through strategic and applied research, applicable (and readily accessible) internationally to address generic issues and challenges consistent with CGIAR” (Harwood et al. (2005).

Methodology and materials

A similar set of methods used in the Oaxaca case was also employed in the assessment of the impacts of the Hill Maize research Projects in Nepal. Methods include the blending of qualitative and quantitative tools, participatory tools, economics, and – in terms of design - the rigorous application of both the before / after and with / without counterfactuals. A similar range of impact and livelihoods change indicators was also used, which comprise a range of metrics to comprehensively understand and measure outcomes and impacts.

The appproaches used to assess impacts are summarized in the following table.
Table 1: Comparative methods and approaches for the Oaxaca and Nepal studies
	Methods and approaches
	Oaxaca, Mexico
	HMRP, Nepal

	Key informants, secondary data
	Yes
	Yes

	Focal Group Discussions, PRA
	Yes, 3 communities
	Yes, 10 communities

	Household surveys
	Yes
	Only observations

	Econometric analysis
	Yes, including cluster
	No

	With / without counterfactual
	Yes: participants 

/ non-participants
	Yes: participants 

/ non-participants

	Before / after counterfactual
	Yes, from 1998 baseline
	Partially, recall method from the beneficiaries

	Gross Margin Analysis
	Yes, 12 farmers
	Yes, from all communities

	Economic Surplus Analysis
	No
	Yes


The metrics and indicators to assess impacts on livelihoods used in the two studies mostly coincide and are described in the following table. They comprise quantifying changes in livelihood capitals, in income and poverty indicators (including food security), in equity, and economic indicators such as technology gross margins and economic surplus. They also allow capturing a range of both direct and indirect impacts as well as outcomes.
Table 2: Comparative metrics and indicators for the Oaxaca and Nepal studies
	Indicators / metrics
	Oaxaca, Mexico
	HMRP, Nepal

	Livelihood capitals
	Yes, 13 capitals
	Yes, social and financial capital, and vulnerability

	Income, Poverty
	Yes, poverty levels
	???

	Food security
	Not explicitly, not an issue
	Yes

	Equity (typologies)
	4 household typologies (clusters)
	dalits, brahmins, janajatis

	Gender
	In part, both genders responded
	Explicitly included

	Technology gross margin
	Yes
	Yes

	Economic surplus
	No
	Yes

	Direct impacts
	E.g. maize yield, area, varieties use, post-harvest technology
	E.g. maize productivity, varieties use, cost reducing 

	Indirect impacts
	E.g. benefits and use of training (directly quantified)
	E.g. empowerment, social inclusion, equity, training


Oaxaca, Mexico

In Oaxaca a study was launched in 2006 to assess changes in farmers’ livelihoods since the project and its impacts. The study was done in the same 3 communities of Badstue et al., 2006): Huitzo, San Lorenzo, Santa Ana. Preliminary appraisal confirmed that those communities embodied the contrasting conditions of all communities studied in the late 1990’s. A livelihoods approach was applied in conjunction with econometrics and gross margin analysis. Focal group and key informant discussions were used to gather qualitative data, and triangulate the quantitative findings. An econometric clustering technique, based on Hierarchical Cluster analysis and Two Step cluster analysis (La Rovere et al., 2007) was used to group households into homogeneous types, based on 13 livelihood assets (Table 3): 11 quantitative and 2 qualitative (binomial), belonging to all of the livelihood capitals: natural and physical, financial and conomic, human and social.
Table 3 Livelihood typologies and selected livelihood indicators, Oaxaca

	Type of households
	Poor
	Middle
	Middle up
	Advanced
	Total

	Number of households
	33
	31
	37
	19
	120

	Percentage of total
	28 %
	26 %
	31%
	16%
	100%

	Land endowment (ha)
	2.17a
	4.79b
	3.11a
	6.37b
	3.80

	Quality of parcels (0-3: good)
	2.42c
	2.32bc
	2.03ab
	1.84a
	2.18

	Irrigation (households with)
	0a
	0a
	37c
	13b
	

	Inputs used (number of)
	2.06a
	3.19b
	3.08b
	3.63b
	2.92

	Equipment (number of)
	1.73a
	3.58b
	3.22b
	4.00b
	3.03

	Distance to markets (minutes)
	100a
	136b
	81a
	72a
	99

	Family size (number of members)
	2.88a
	5.16b
	4.59b
	4.89b
	4.32

	Average age respondent (years)
	67c
	54a
	60b
	55a
	60

	Average schooling (years)
	0.91a
	3.24b
	3.32b
	5.53c
	2.99

	Income from Govt program (MXP/year)
	5128a
	5892a
	5410a
	6954b
	5701

	Knowledge of INIFAP (yes / no)
	1a
	0a
	0a
	18b
	

	Chickens for sale (number of)
	6.15ab
	11.13b
	8.38ab
	5.05a
	7.95

	Remittances (MXP/year)
	3197a
	14177a
	11784a
	8895a
	9583

	Per capita income (MXP/year)
	10081a
	12366a
	14202a
	14902a
	12706


* Significant differences by comparing means. If values differ significantly, letters in rows differ from each other (a-b); if letters are the same they don’t (e.g. a-a). ab means not significantly different from a or b). 

** Standard deviations not reported; All available from the original source: La Rovere et al., 2007.
Thanks to the availability of baseline (Smale et al., 1999, 2003) data, that could be used for comparison, we could assess changes in comparable quantifiable livelihood indicators of ‘participants’ in the late 1990’s Project and in ‘non-participants’, with those from the same groups, interviewed again for the 2006 impact study. In practice, however, only few livelihood indicators of the past studies were directly comparable with those of 2006. 

The comparison of ‘participants’ and ‘non-participants’ is the ‘before / after’ the project counterfactual. This was implemented by measuring the impact of the past project and the changes in the indicators from the 1998 baseline, which were comparable with those of 2006, as well as qualitatively the impact of the project and changes by analyzing the perceptions of farmers through FGDs and with the insights gained during the 2006 study.

This study basically revisits the participants of the late 1990’s; in 2006, however, only 68 of the original participants were still there, of which 52 had also been part of the baseline (Smale et all., 1999). In addition, , 52 new households were randomly selected in 2006 as a control across the communities to constitute the ‘with / without’ counterfactual.
Econometric analysis consisted of χ2 (Chi-square) test to see if significant relations exists between key variables and variables of the Project (qualitative), and to contrast the values of quantitative variables with components of the Project, and to compare means between two and more groups. Multiple regression was conducted to assess whether income from agricultural activities, including on-farm and off-farm, was influenced by participation in the project (use of CIMMYT maize, of silos, attending capacity building activities), with maize yield as the dependent variable, more directly related to project interventions. The quantitative variables were selected from the first stage of the cluster analysis. The key results are cited in this paper and are described in more detail in La Rovere et al. (2007).
Gross margin analysis was conducted for those 12 farmers that since 1998 still cultivated both ‘criollo’ and ‘CIMMYT’ maize in 2006 and that at the same time still planted both CIMMYT and criollo maize in their land. The analysis included all production and post-harvest costs and values of all outputs, per hectare. As maize is often intercropped with beans and pumpkin, their value is considered separately. The opportunity cost of labor is also not included, with local farmers reporting that they only use their on-farm labor.
Nepal, HMRP

During 2006, an assessment of the impact of the HMRP was carried out by two external consultants (Mathema and Gurung, 2006). The assessment employed a number of methods, particularly comparisons of livelihood indicators in areas with and without the project, and changes in indicators before and after the project. For the with / without, two sites were taken - one where the project was implemented and another in a similar non-project intervention site. For the before / after, data collection was done at beneficiaries from different socio-economic groups and at 10 different locations
 to compare changes in livelihoods over time. Data was collected through a desk study, participatory rural appraisal tools, focus group discussions, interviews with key informants, with partners and with stakeholders. Baseline data was collected ex-post using the recall method.
In the Nepal study impacts were socially disaggregated, with groups being made of the ‘dalits’, the ‘brahmins’, and the ‘janajatis’. The Nepal study included both gross margin and economic surplus analyses. Direct impacts included cost reducing, new technology, productivity and indirect impacts were also captured, e.g. empowerment, social inclusion, social equity of poor and excluded groups, the dalit, disadvantaged ethnic groups and women, and also in terms of geographical locations (i.e. inaccessibility and remoteness). 

Economic Surplus analysis (ES) and Gross Margin analysis (GM) used 3 year time-series data from 10 different geographic locations to estimate the benefits of adopting maize to producers and consumers, and the financial profits to individual farmers. FGDs were held in all locations to get data on annual growth rate of maize crop productivity and the trend of total maize production and consumption over the years. Detailed information on input costs and benefits for maize crop practices were collected from key informants. As maize technology generates either increased crop productivity or decreased marginal production costs, technological change also contributes to higher total maize production. Adopting maize technology can thus benefit producers and consumers (more maize in the market, and at lower prices in the villages). The Gross Margin analysis allowed comparing and estimating the profitability of the induced maize technology and the prevailing practices.

Results
Oaxaca, Mexico
The results capture the effects of the past project in Oaxaca in terms of the use of criollo maize, of training, and post-harvest maize technology, on farmers’ livelihoods, and relate them to the characteristics of participant and non-participant households. 

Livelihood information: an ‘ageing’ process of farming was found in the area, also due to strong migration. Average farm size has increased, mainly on poor quality soil. The area planted with maize has declined. Although the late 1990’s studies state that by some indicators of wealth households were not poor, about 28% of households were found in 2006 to be as poor and marginalized, these being the older farmers with lower education, who are also those who often keep growing maize as their main food. This study found three per capita total income levels (in MX$/year/household): low 636 to 9923, medium 10176 to 29463, high 30306 to 72827. 28% of these were the ‘poor marginal’ (see Table 3, average income 24601 MX$), 26% were in the ‘middle’ group (60529 MX$), 31% in the ‘middle up’ group (58780 MX$), and 19% in the ‘advanced’ group (70465 MX$).

Remittances remain an important source of income: from Mexico for poor families, from the USA for richer ones. At the end of the 1990’s remittances made up on average 20% of total income, ranging from a minimum of 10% over total household income in the most advanced, market-connected community to 25% or more in the other communities.

Maize production: within the households of the entire 2006 sample, and by comparing changes in average yield from 1999 to 2006 when data was available, those who in the past had bought CIMMYT selections had moderate decreases in average yield (-11%), while those who didn not, experienced larger losses (-19%). Average 1999 yields were in line with those of 2006, hence didn’t confirm the farmers’ perception of yield declines, though in the poorest community (‘San Lorenzo’) a -9% overall decrease was reported.

Maize diversity: farmers’ preference for maize is often linked to consumption aspects, hence they prefer to consume white (blanco), yellow (amarillo) or blue (negro or azul) maize. In 2006 most farmers still preferred Blanco maize for its marketing, consumption and drought tolerance characteristics. They didn’t report large loss of maize populations. Only one variety (the ‘VC-152’), left from those of the past Project, was regarded as being good for consumption and for animal feeding. Improved maize is grown only in the most advanced and better market-connected community (‘Huitzo’). Adoption of CIMMYT selections took place more often in the more remote and least market-connected communities, where poor farmers are generally the prevalent ones. Table 4 compares the results from the late 1990’s with the results from the present study in 2006.

Table 4 Livelihood and maize diversity changes from late 1990’s to 2006 
Source: La Rovere et al., 2007
	

	Topic
	Situation in late 1990’s 
	Situation in year 2006

	Livelihoods

and farm household indicators
	Household average size is 5.25. The mean age of farm heads is 50 years. Average farm size is 3 ha. Average maize area is 2.55 hae. By some indicators, households are not poor. 
	Average household size declined to 4.32. Average age of principal member increased to 60 years. Average farm size increased to 3.81. Maize area declined to 2.20 ha. Poorer households are 28% of the total.  

	Maize

production
	Average yield in 1999 from households with corresponding data in 2006 was 651 kg/ha, ranging between 905 kg/ha - 513 kg/ha across the study communities.
	Average yield in 2006 was 647 kg/ha ranging from 890 kg/ha - 502 kg/ha in the communities. Farmers with CIMMYT selections had lower (-11%) yield loss than those without (-19%).

	Maize

diversity
	Blanco maize occupies over 80% of area and represent two-thirds of the seed lots of 1997. Subjective yield distributions suggest that improved maize dominates local types. Blanco dominate colored-grain types. Improved maize is grown only in the most advanced community.
	In 2006 most farmers still use Blanco maize (51%), though down from the past prevalence, and we find a shift to Blanco delgado (25%) and Blanco ancho (10%). Some types, in use in the late 1990’s, are today not used anymore. The most market-connected community is still the only one where improved maize is grown.


Maize use: in 2006, 27.5 % of farmers in the area still used maize derived from the past project: 44% of those still having that material were among the participants in the project. In addition, 5.8% of those who didn’t participate also plant maize from the project, an indication of maize farmer-to-farmer diffusion. Maize that farmers had bought from the project, however, was often lost during the first years following the project mainly due to drought. Yet many farmers, today, are still using varieties that are derived from crosses that took place in the field or from mixes between criollo varieties. CIMMYT selections are local varieties that were selected by farmers during the Project
. The advantages of CIMMYT maize selections was perceived by farmers as being related to their role for consumption, to the fact that they increased the types of maize available to them, and that they yielded more, though often at the expense of a larger cycle and difficult marketing.
Yields and gross margin: based on a subset of the only 12 participant households who still planted in 2006 both criollo and CIMMYT maize, Figure 1 shows that ‘CIMMYT’ maize outperformed local ‘criollo’ maize in their fields during every year since 2001. The most frequent yields saw ‘CIMMYT’ maize reguarly outperforming ‘criollo’ maize: in terms of minimum yields by 10%, of maximum yields by 14%, and mean yields by 16%.

Figure 1: Comparison of 'criollo' and 'CIMMYT' maize yields in Oaxaca, Mexico
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Table 5: Average maize yields, Oaxaca 
	Yield
	Criollo
maize
	CIMMYT
maize

	Minimum
	312
	344

	Maximum
	1284
	1462

	Most frequent
	690
	803

	
	n. = 20
	n. = 9


Maize yield on-farm is very variable, as it depends on soil quality, location, quantity and type of labor for preparation, fertilizer use, and timing of sowing, this explaining to some extent yield variability.

The net gross margin of cultivating ‘CIMMYT’ maize, hence referring to the case ‘with’ the project, is 1857 MXP (172 US$) per hectare, while that of ‘criollo’ maize, referring to the ‘without’ the project case is 627 MXP (58$), based just on the value of maize products
. These are not sold but consumed. Maize is thus not very profitable in real terms, yet farmers cultivate it to obtain some grain for consumption and residues for forage.

Use of CIMMYT maize selections: farmers with CIMMYT maize are the ones having more land but lower yields. It was often the low income farmers who were the ones who participated in the Project, which were often also the older ones, with larger families.
Average yield was lowest for the ‘poor marginal’ (427 kg/ha) group, the ones who also had land of lowest quality. Farmers with higher incomes are the ones who are using more frequently improved seed and getting higher yields, and keeping only little criollo maize. 

Maize post-harvest technology (silos): 17.5% of farmers have at least one silo: more than half of those who bought silos did so through a process facilitated by CIMMYT. Silos are used as they proved easy to use, affordable, substituted well local practices, and met the need to reduce losses and ensure consumption. Silos are pro-poor food security options. Their diffusion was from farmer-to-farmer: it was the younger, more educated ones and those well informed about support programs who are the ones that adopted the silos.

Capacity building: participants in the project learned several skills and knowledge from training done by CIMMYT (e.g. on open pollination, different criollo maize, alternative seed storage methods, agrochemical use). A good part of their learning, however, had dissipated with time and relatively little of what learned had been applied, as reported by the farmers. Techniques learned during the project had been applied only to a moderate extent because the practices were labor intensive when compared to traditional practices.

HMRP, Nepal

Mathema and Gurung (2006) found that the HMRP has had several and varied impacts.
Livelihoods: Scientists working with the research stations as part of the project provided continuous training to farmers in improved maize cultivation practices and encouraged farmers to participate in participatory varietal selection field trials, as well as CBSP. Seed production groups, including dalits, brahmins and janajatis were formed, to produce and market improved maize seed. Before the project, maize was mainly for consumption, but recently farmers began to sell it, helping to diversify income and to gain higher prices.
Use of maize varieties: an increase in the area and yield of maize with improved varieties was found, compared to local varieties. 62% of project area was sown with improved varieties in 2006. Average yields in 2005 were 2.96 tons/ha with improved varieties, compared to 1.39 tons/ha with local varieties. The Project worked with about 8,000 poor farm women and men, of whom 80% were food-deficit, 33% dalits, 12% janajatis and 55% were women. PVSs or CBSP contributed to more than 50% production increases over local varieties (Mathema and Gurung, 2006). Farmers preferred improved varieties due to traits such as higher yield, taste, non-lodging and better forage palatability for animals. One major impact of HMRP germplasm testing was the release of Deuti (ZM-621) and Shitala (Population-44) varieties, recommended for the mid-hills of Nepal.
Food security: the levels of food self-sufficiency of households at 9 field sites was assessed for 2002 (prior to Phase II) and 2006 (in Phase II). As per the graph, the number of households that were food self-sufficient for 6-11 months, and for over a year in 2006 had been increasing, compared to 2002. The households that were self-sufficient for one year or more increased from 11% to 24% over time. 
Figure 2: Food self-sufficiency
Source: Mathema and Gurung, 2006 
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For the category of 6-11 months food self-sufficiency, there was an increase from 29.5% to 42.6%. However there was a decrease from 35% to 23.9% in the cases of self-sufficiency for 3-5 months. In the category of less than 3 months food self-sufficiency, the decrease is from 24.4% to 9.1%. Changes in % of food self-sufficiency status could be attributed to factors such as remittances, on-farm and off-farm employment, etc. 

Gross Margin: farmers adopting maize technology used quality seed by the project. Local maize seed has low productivity. Manure and chemical fertilizer use was relatively low. The productivity was higher for improved maize practices compared to local practices. The costs of production per hectare were estimated with (improved maize) and without (local maize the project). The gross margin per hectare for the locations is given below.

Table 6: Gross Margin / ha for improved and local maize at various HMRP sites
	S.N.
	District and Sites
	Gross Margin 
	Gross Revenue
	Input Cost

	
	
	with
	without
	with
	without
	with
	without

	1. 
	Dhankuta, Chhimsuwa
	14,262
	5,237
	19,514
	10,491
	5,252
	5,254

	2. 
	Dolakha, Kirate Chhap
	42,567
	8,142
	69,184
	18,333
	26,617
	10,192

	3. 
	Palpa, Chhatiwan
	50,805
	10,785
	85,397
	27,145
	34,592
	16,360

	4. 
	Gorkha, Dandi Danda
	14,474
	(1,254)
	32,629
	12,006
	18,154
	13,260

	5. 
	Gulmi, Simpani
	26,180
	31,200
	71,880
	68,000
	45,700
	36,800

	6. 
	Sindhupalchowk, Thumpakhar
	10,641
	2,100
	28,365
	39,067
	17,724
	36,967

	7. 
	Dailekh, Ritha
	16,124
	13,087
	28,889
	18,667
	12,764
	5,580

	8. 
	Baglung, Kundule
	19,350
	6,580
	69,500
	55,650
	50,150
	49,070

	
	Overall (Rs.)
	19,319
	9,888
	37,101
	28,160
	17,782
	18,272


Source: Mathema and Gurung, Field Survey of visited field sites, 2006 

The average gross margin for improved maize is higher by Rs 9,431 (about 145 US$) than local maize. Incremental benefits are derived when inputs like good quality seeds are used, higher dose of manure are applied, and outputs are sold at higher prices. The labour use rate was higher among those who adopt maize technology. Maize sold as quality seed gets 50% higher market price than the grain price. Thus there is a relative advantage of replacing traditional maize by improved ones because of the deriving financial benefit.


Economic surplus: in the HMRP farmers started adopting maize technology from 2003. By now a majority of farmers has adopted it mainly for consumption purposes and animal feed. Economic surplus analysis demonstrated that the maize technology has benefited not only maize producers (by increasing productivity) but also consumers (by making available cheaper maize seed at the villages). In the overall the technological change in maize cultivation has benefited producers by 64.35% and consumers by 35.65%. 

Table 7 Present value of Improved Maize Technology in Nepal at HMRP sites.

	S.N.
	Districts and Sites
	Producer
	Consumer
	Total

	1
	Dolakha, Kirate Chhap
	2928.3
	0.0
	2928.3

	2
	Sindhupalchowk, Thumpakhar
	17069.0
	8725.3
	25794.3

	3
	Dhankuta, Jimi1
	613727.7
	391889.4
	1005617.1

	4
	Gorkha, Dandi Danda
	14661.1
	0.0
	14661.1

	5
	Baglung, Kundule
	61896.7
	0.0
	61896.7

	6
	Palpa, Chhatiwan
	33562.5
	38683.6
	72246.1

	7
	Palpa, Khaseuli
	1432.1
	0.0
	1432.1

	8
	Gulmi, Simichaur
	652.5
	9227.2
	9879.7

	9
	Dailekh, Fulbari
	42605.7
	0.0
	42605.7

	10
	Dhankuta, Chhimsuwa
	20986.4
	0.0
	20986.4

	
	Total Net Present Value (Rs)
	 809522.5              
	  448525.7          
	1258048.2

	
	Percentage (%)
	64.35
	35.65
	100.0


Source: Mathema and Gurung, Field Survey of visited field sites, 2006 

Conclusions and lessons learned
In Oaxaca, the impacts of the past project were in some respects very positive (e.g. silos) or significant (e.g. adoption of maize varieties), while in other respects of variable entity (e.g. of capacity building). Yet achieving livelihood impacts through maize was just one of the goals of the project; other goals were increasing knowledge on maize diversity, and generating and testing participatory research approaches (e.g. Bellon, 2001). The benefits of these latter goals, however, are difficult to quantify in monetary terms as they take the form of a general contribution to the stock of scientific knowledge, and were beyond the scope of this study. Yet the spillovers determined by generation of knowledge on maize diversity and participatory methods developed by the project, must be part of the benefits.

In Nepal, based on Mathema and Gurung (2006), improved maize technology has not yet reached large numbers of farmers, hence a strategy is needed to scale up to larger areas to reach out more poor farmers. This is possible since, as been reported, through the HRMP enough seed can be made available to expand the reach of varieties developed by HMRP. 
HMRP outcomes include the fact that researcher and NGO knowledge on maize varieties, practices and seed production has been strengthened. In Nepal, in addition, the HMRP developed guidelines according to which 70% of participants should be food deficit, and more than 50% should be women, so to target interventios. HMRP indeed has allowed the incorporation of gender, poverty and social equity issues to improve livelihoods and food security of the poor and excluded groups, hence reaching out the most marginalized and vulnerable social and economic groups, the dalits, janajatis and the women.

One lesson learned is that, despite maize being part of Oaxaca people’s lives, and being promising and profitable for Nepal farmers, in neither case it adequately reached a large number of poor farmers as it could have, hence its impact is limited in terms of scale.
The major contribution and impact of HMRP in relation to policy relevance is the efforts to institutionalize participatory approaches of varietal selection and improved seed production in the hills of Nepal, and outcomes in terms of the the adoption of these concepts by many government and non-government organisations and the national research system in partnership with NGOs. In fact several NARS staff became confident in conducting participatory research, as demonstrated by their enhanced capabilities in implementing PVS trials and improved agronomic practices in maize. Trained farmers enhanced their technical knowledge and skills in maize production technologies, such as certified / improved seed selection, cultural practices, or post harvest techniques.

Interestingly, while the results of the Oaxaca project, which is located in Mexico -the area of origin of maize - show only moderate use of improved maize, ageing in farming (also due to strong migration), declines in the area planted with maize, and a generalized loss of the role of maize as a commercial crop – which is now kept now mainly for its cultural and consumption roles, in Nepal improved maize varieties are being increasingly used and play important livelihood roles. For instance self-sufficiency of participants in Nepal project areas improved from 11% to 24%. This can partially be explained by the higher maize yields (and surplus production) encountered in Nepal compared to Oaxaca, though gross margins are higher in Oaxaca. Also, while in Nepal maize used to be mainly used for consumption, now after the project maize is being sold as well, and the yield and area of improved varieties are increasing as opposed to local varieties. Farmers prefer the improved varieties, with maize being both an economic and food security option, while in Mexico its role is more distinctively ‘cultural’, this encompassing its key ancestral roles.

One general lesson learned for assessing impacts of research projects is that livelihood impacts and changes can be more properly measured after longer times, e.g. 5-10 years. The findings of earlier monitoring studies in Oaxaca (Smale et al., 1999, 2003), conducted only few years after the Project, when most maize varieties from the project were still with the farmers and when the effects of capacity building activities were still fresh in the mind of participants, often differ from the findings of the 2006 study, conducted 8 years after the Project, when several CIMMYT maize selections had by then been lost by farmers (often due to drought) and the effects of capacity building dissipated to some extent. This suggests that by assessing impacts too early, a risk is to overestimate them; an opposite risk is underestimating impacts by not capturing the effect of actions that materialize after more time has passed. An example of this risk is the farmer-to-farmer spread of silos, facilitated by the Oaxaca Project; in fact, its impacts as seen today, were much higher than the limited ones that could be captured in the late 1990’s. One implication is that research projects should be of adequate length, if they are to have broader development impacts; for example, while drought in the early 2000’s explains, to some extent, the loss of part of maize varieties promoted by the Oaxaca project, had the Project maintained a field presence, it would have allowed many interested farmers to access again the Project varieties and to sustain the impact deriving from adopting maize.
The two cases provide lessons on operationalizing impact assessment through a livelihood lens, so to help in better capturing the broader, actual impacts of International Public Goods produced by CGIAR centers and partners: in the case of the two cases discussed in this paper - Oaxaca, Mexico, and the HMRP, Nepal - maize varietal and post-harvest technology as a way to reach marginalized farmers, and getting maize to farmers through training, capacity building, dissemination and participatory research.
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� Names are listed in the Tables (6 and 7) in the results section; all from Mathema and Gurung (2006).


� Don’t include varieties from CIMMYT germplasm bank; CIMMYT facilitated only the selection.


� As maize is intercropped with beans and pumpkin, the total net gross margin after including the value of these two crops are respectively 2620 MXP / hectare for areas planted with ‘CIMMYT’ maize (and beans and pumpkin) and 1199 MXP / hectare for areas planted with ‘criollo’ maize (and beans and pumpkin).
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