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Methodology

Farmer surveys and interviews, SAVA and Mananara Nord, Madagascar
The research in this article is based on socio-economic surveys conducted in 2017 with Malagasy vanilla smallholders. They were conducted in two blocks, the first by Researcher #1 (Neimark, 250 surveys) and the second by Researcher #2 (Osterhoudt, 150 surveys). The surveys in the first block were with smallholders in 40 different vanilla-growing villages surrounding the town of Antalaha in the SAVA region of Madagascar. They were administered by a trained team of Malagasy researchers located at the Central University of the SAVA region (CURSA), based in Antalaha and under the direction of R1. The surveys in the second block were with smallholders in 25 villages in Mananara Nord, located in the Analanjirofo region, during 2016 and 2017, with 35 follow-up semi-structured interviews conducted in May and June 2017. These surveys were administered by trained Malagasy field agents in the Mananara region, with R2 conducting the extensive follow-up farmer interviews.

The surveys and follow-up interviews were supplemented with extensive participant-observation data collected in Madagascar by R2 with vanilla farmers and related vanilla-industry actors during 2005–2007, 2009–2011, 2016 and 2017. This covers a period of time in which price points increased from a low in 2003 to a current high measured in 2017.

Vanilla industry surveys and interviews
In the period from January to October 2017, 45 semi-structured interviews with conducted by R1 with collectors, exporters, government officials and industry experts on the previous price spike (2002–4), the low price point (2004–2013) and current crisis (2014–current). These interviews were designed to provide a more comprehensive picture of larger downstream consumption-end drivers and the historical dynamics of the vanilla market. Qualitative interview data from industry representatives were used to triangulate responses and our selection of factors from smallholders to see where they matched up or diverged.

Initial contacts with the vanilla industry was made through the Pentland Centre for Sustainable Business at Lancaster University, UK. These were administered in person via Skype and telephone in the regions of SAVA and Mananara Nord, and in the UK and USA. We used a snowball sampling method, utilizing referrals from existing contacts to find other key people to interview (Bernard, 2002; Teddlie and Yu, 2007). R2 also attended the international bi-annual vanilla industry conference held in Monroe, NJ, USA, 6–7 November 2017.

Coding of smallholder data and determination of factors
Smallholder interview data were subsequently coded and organised by R1 and R2 to identify key factors from a smallholder’s perspective. These factors provide a more comprehensive understanding of the complex issues involved in the relationship between sustainability and power, and changes between different high and low price points. These factors were selected mainly because they had been identified to have a direct effect on vanilla production practices, the vanilla market and trade. In total, 50 factors were identified, some unique to the vanilla commodity chain (e.g. vacuum sealing), and others (e.g. formal and customary land tenure) common to smallholder commodity-led agriculture. 

We then organised the 50 factors into eight different mechanisms – each reflecting the means by which market actors access benefits. The mechanisms were adopted from work by Ribot and Peluso (2003). These original studies used a political, economic and historical analysis to illustrate how actors use both legal and extra-legal means to gain access to valuable resources and their derived benefits. Their focus was a critique on formalised property rights as a way to deliver benefits from resource commercialisation. Our model departs from this conceptual use of access to provide an applied framework to measure the power of smallholder sustainability.

Measuring ‘Sustainability effect’ (Se) and ‘Actualised power’ (Ap) 
Once identified and organised, the factors were systematically brought into our model of six sustainability aspects. Both R1 and R2 individually rated each factor for the six aspects of sustainability as shown below. A rating from 0 to 4 was given using a Likert scale (0, very negative effect; 1, negative effect; 2, neutral or no effect; 3, positive effect; 4, very positive effect). The six ratings for each item were then totalled, resulting in a possible 25 different options, from 0 to 24 (including 0). This was calculated for both the low price point in 2007 and the high price point in 2017.

These two years, 2007 (low price point) and 2017 (high price point), were chosen for their representational attributes and as periods in which vanilla research was being conducted by either R1 and/or R2. Based on this research, both were highly representative of the conditions of low and high vanilla price points, respectively, and therefore were determined to be key historical data markers of the period. The data for 2007 were compiled from smallholders’ responses comparing the current high price period with that of low prices 10 years prior. 

Measuring Se
Our measurement of power comes from two distinct calculations: the first, called Sustainability effect (Se), is a rating of how each factor affects smallholders’ ‘ability to benefit’ under the six different aspects defined below. Each of these aspects falls under one of the three dimensions of sustainability – environmental, social and economic.

(a+b+c+d+e+f) = Sustainability effect (Se)

	Six aspects of sustainability 

	Environmental

	(a) External
	Measure of vanilla environment, including change outside vanilla production unit and transformation of rainforests to vanilla.

	(b) Internal
	Measure of local vanilla environment, including ecological conditions surrounding the vanilla plant, and health and quality of the soil and vanilla bean.

	Social

	(c) Status
	Measure of one’s social position in local village settings, including reputation and increase/decrease of social capital.

	(d) Control
	Measure of confidence in one’s own life for the immediate future.

	Economic

	(e) Options
	Measure of one’s ability to say no to collectors or export buyers during the vanilla campaign.

	(f) Income 
	Measure of direct household income.



Measuring Ap
The second measurement of changes in power, Actualised power (Ap), is a calculation that takes Se and discounts it by the smallholder’s actual ability to access the factor (e.g. significant access to new varieties of vanilla plants on a daily basis). As above, this measure of access (Ax) was also ranked on a Likert scale (0.2, no access; 0.4, low access; 0.6, medium access; 0.8, significant access; 1, uninhibited access), and multiplied by the total ranking applied to the Sustainability effect measurement above:

Access (Ax)  Sustainability effect (Se) = Actualised power (Ap)

or

Ax (Se) = Ap

Sample kappa analysis – interpretation of a weighted Kappa (kw) analysis
A weighted kappa (kw) analysis with linear weights (Cicchetti and Allison, 1971) was run on the 2017 data to determine whether there was agreement between the two ratings of the sustainability attributes as determined by R1 and R2 (, and reflected by the total on the 25-point scale. There was a statistically significant agreement between the two raters: kw = 0.781 (95% CI, 0.687 to 0.875; p < 0.0005). The strength of agreement was classified as good (Landis and Koch, 1977; Altman, 1991). Overall, the two ratings, by R1 and R2, respectively, had complete agreement 27 times; however, this does not explain their weighted agreement, shown below as a weighted kappa. You can see in the table below that the 95% confidence interval is 0.687 to 0.875. This means 95% confidence that the true value of weighted kappa (kw) is between these values. The p value is 0.0005, which means that the weighted kappa is significant. 

Standard measure of value and relative strength for a weighted kappa (kw) analysis
	Value of Kappa (kw)
	Strength of agreement

	< 0.20
	Poor

	0.21–0.40
	Fair

	0.41–0.60
	Moderate

	0.61–0.80
	Good

	0.81–1.00
	Very good



	Weighted kappa (kw) R1 vs. R2

	Weighting
	Kappa (kw)
	Asymptotic Standard Error
	Z
	P value
	Lower 95% Asymptotic CI Boundary
	Upper 95% Asymptotic CI Boundary

	Linear
	0.781
	0.048
	9.486
	0.000
	0.687
	0.875

	



Definitions of smallholder and poverty in Madagascar
Vanilla, alongside coffee and cocoa, tends to be a ‘smallholder’ crop due to the low inputs needed and intensive arrangement of production into smaller plots. Vanilla, in particular, necessitates such spacing to lower risk of disease transmission and crop failure. In this study, we define ‘smallholder’ as a farmer using an average vanilla land holding of 1.5 hectares, consisting of approximately 500–800 individual flowering vanilla plants. We follow a more general definition based on the Committee on World Food Security’s (CFS) High Level Panel of Experts (HLPE) which defines smallholder agriculture as:

…practised by families (including one or more households) using only or mostly family labour and deriving from that work a large but variable share of their income, in kind or in cash. Agriculture includes crop raising, animal husbandry, forestry and artisanal fisheries. The holdings are run by family groups, a large proportion of which are headed by women, and women play important roles in production, processing and marketing activities.[footnoteRef:1]  [1:  HLPE, 2013, p. 10, as quoted in Graeub et al., 2016; also see Oya, 2012.] 


Vanilla smallholders, by definition, have less access to large plots, less capital to invest, and are willing to take on the extremely labour-intensive practices of hand-pollinating vanilla flowers, as well as a three- to six-month period for sweating, drying, curing and rack-conditioning beans.

Official accounts place Madagascar at roughly 158 on the Human Development Index with approximately 77.8 per cent of the population of 24.2 million people living below $1.90/day. In rural areas of the main smallholder vanilla-growing region of SAVA, over 32.7 per cent of inhabitants are living in destitute poverty and, of these, 30.7 per cent are vulnerable and 26.5 per cent are experiencing severe poverty (OPHI, 2017). By far the most important aspect of available cash is the ability to buy rice to overcome the ‘hunger season’ – locally known as ‘periode de soudure’. Cash from vanilla is also regularly used for school fees and traditional funeral expenses.

Note on vanilla quality
High-quality vanilla is usually measured by a vanillin content between 1.8 and 2.0 per cent. Recent harvests have seen anywhere between 0.8 and 1.2 per cent.

Note on the global vanilla industry
The global demand for vanilla flavouring is roughly 20,000 metric tons/year. Only two to three per cent of ‘vanilla’ foods, beverages, medicines, perfumes, and bodycare/industrial products used worldwide actually contain pure natural vanilla. This demand is met mainly with either bio-synthetic or the much cheaper synthetic vanillin (Havkin-Frenkel and Belanger, 2010). The demand, however, for natural vanilla is on the rise with recent commitments from large food companies, such as Hershey and Nestlé, to switch over to natural flavourings. This commitment is complicated depending on different food labelling policies (e.g. EU vs. US) for different products (e.g. ice cream vs. beverages) and the actual amount of natural vanilla that constitutes ‘natural’.

References
Altman, D. G. Practical Statistics for Medical Research (London: Chapman and Hall, 1991). 

Bernard, H. R. Research Methods in Anthropology: Qualitative and Quantitative Methods, 3rd edn (Walnut Creek, CA: AltaMira Press, 2002).
Cicchetti, D. V. & Allison, T. A new procedure for assessing reliability of scoring EEG sleep recordings. Am. J. EEG Technol. 11, 101–110 (1971).

Graeub, B. E. et al. The state of family farms in the world. World Development 87, 1–15 (2016).
Havkin-Frenkel, D. & Belanger, F. C. Handbook of Vanilla Science and Technology. (Chichester, UK: John Wiley & Sons, 2010).
HLPE. Investing in smallholder agriculture for food security. A report by the High Level Panel of Experts on Food Security and Nutrition of the Committee on World Food Security. (Rome: HLPE, 2013). Retrieved from (http://www.fao.org/3/a-i2953e.pdf) 

Landis, J. R. & Koch, G. G. An application of hierarchical kappa-type statistics in the assessment of majority agreement among multiple observers. Biometrics 33, 363–374 (1977).
Oya, C. Contract farming in subSaharan Africa: a survey of approaches, debates and issues. J. Agr. Change 12, 1–33 (2012).
OPHI. Oxford Poverty and Human Development Initiative. “Madagascar Country Briefing”, Multidimensional Poverty Index Data Bank. (University of Oxford, 2017) www.ophi.org.uk/multidimensional-povertyindex/mpi-country-briefings/
Ribot, J. C. & Peluso, N. L. A theory of access. Rural Sociol. 68, 153–181 (2003).
Teddlie, C. & Yu, F. Mixed methods sampling: A typology with examples. J. Mixed Meth. Res. 1, 77–100 (2007).

