Constructing Community Fuzzy Cognitive Maps to Promote Adoption of Conservation Agricultural Production Practices
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Introduction
With the world population having recently reached an unprecedented 7 billion, increasing demands are being placed on agriculture systems to produce sufficient yet sustainable yields to feed the growing global community. Given that there are 500 million small farms in the world, from which 80 percent of the food consumed in Asia and Africa is derived (IFAD 2011), the long-term productive capacity of such smallholder farming communities is an important focus area for research and development efforts to ensure future food security. 
Conservation agriculture workers often tackle the issues of food security in smallholder by introducing technologies and practices that have been laboratory proven.  Yet, the difficulty with this approach is that if we do not first take the time to understand what drives the community’s behaviors and adapt a technology or practice to suit their needs, as soon as the program is over, behavior may revert to traditional practices.  In effort to address this challenge, agribusiness professionals must focus on building their human capacity in understanding key factors involved in community members’ willingness to try and adopt new agricultural practices. Previous studies have identified factors as broad as education level, gender, economic status, knowledge of natural resources, and social responsibility as important indicators of motivation to learn new farming practices (Kessler 2006, Knowler & Bradshaw 2007). Elements contributing to long-term adoption include personal, social, cultural, and economic factors, along with the ability of the introduced technology to assist in achieving individual goals (Pannell et al. 2006). Yet, a review of 31 conservation agriculture studies revealed that there are few if any influences on adoption that apply universally, therefore specific factors influencing local adoption are highly contextual and vary by location (Knowler & Bradshaw 2007).  Thus it is crucial to approach the introduction of any program from a bottom-up perspective, encouraging a community participatory approach wherever possible and collecting and distilling community values early in the program planning process in order to design project goals to be in alignment with them. 

Several methods have been used to analyze adoption probability, the most popular including the logit model and structural equation modeling (SEM).  Unfortunately, the logit model does not assist in understanding the interconnection between variables and SEM needs sufficient data to estimate parameters, which can be difficult to attain (Ozemi, 2004).  The Fuzzy Cognitive Map (FCM), developed by Kosko in 1986, however does not have the constraints of SEM and is able to consider variable relationships unlike the logit. The FCM has been applied in several disciplines from psychology to politics in order to model belief systems of communities and individuals. Using FCMs to assist in environmental management, though, is not as well developed (Ozesmi, 2004).  In effort to expand the use of FCMs in environmental management and display how agribusiness professionals can adopt their use in projects, this essay concentrates on modeling the agricultural belief system of communities practicing the conservation agricultural production systems (CAPS) program in India and Nepal.  Insight gained from the model displays how using a FCM can assist in predicting the likelihood of long term adoption and provide recommendations that can help align the program with the community’s belief system.  
Methods
The tribal communities involved with CAPS are characterized by smallholder subsistence farms (typically, less than 2 ha) with limited opportunity available for income generation. Villages in Odisha State, East India and Gorkha Province, Nepal were studied, and represent communities highly reliant on agriculture production with limited resources available. In these areas, farming systems are maize-based, using predominantly local crop varieties. Additionally, farmers follow conventional tillage practices and a continuous cropping system with relatively low inputs of fertilizer. Such practices tend to degrade land quality and result in decreasing crop yields over time. Conservation agriculture practices including minimum tillage, improved crop varieties, and intercropping, would help to mitigate soil nutrient depletion and increase yields (Hobbs et al. 2008). Despite such proven approaches to improving agriculture, the successful introduction and later adoption of these conservation practices depends on their alignment with the community’s existing beliefs. 
In effort to better understand the community belief system, data was collected to create an FCM. Due to the literacy constraints of the respondents, the data was collected orally in two steps.  Initially an opened ended question was posed, “What does your participation in a new agricultural practice depend on?” The most common answers from that question were identified and related to each other based on a knowledge review of causal relationships (Kosko, 1986).  The second step involved asking follow up questions using a true/false or Likert scale and coding the responses on a scale of 0 to 1. Individual responses were then averaged to calculate a model that represents the community-level reasoning for existing agricultural practices.
Once the community level model was established, 4 scenarios were run using…………… to determine which CAPS iteration is predicted to be most successful with respect to the community’s current agricultural understanding. The CAPS program introduces the environmental management practices of minimum tillage and increased crop selection to participating communities in effort to increase their annual crop yield and enhance soil quality.   Therefore, by changing the value of the variable tillage and crop selection to -1 or 1, indicating no influence or very influential respectively, the model’s variable strength shifts as a result, allowing us to understand how changes to tillage and crop selection will impact the community’s cognitive map.
Results
The community level FCM, depicted in Figure 1, represents the current agricultural belief system of the participants of the CAPS program. 

[image: C:\Users\Linsey\Desktop\FarmerAdoption.jpg]
Figure 1. Community FCM depicting agriculture beliefs of participating CAPS villages 

The model simulations included the 4 scenarios seen in Table 1.  The results of the model simulations indicate that based on the community’s current environmental knowledge, the CAPS practice of minimum tillage conflicts with traditional beliefs whereas increased crop selection is more readily accepted.

Table 1: Scenario inputs and results
	Scenario
	Figure #
	Simulated Variables
	Farmers belief of outcome

	1
	2
	Control (traditional tillage, no crop selection)
	Increased yields and soil quality

	2
	3
	minimum tillage, no crop selection
	Decreased soil quality, yield, profit and food security 

	3
	4
	minimum tillage, increased crop selection
	Decreased soil quality, increased food security 

	4
	5
	traditional tillage, increased crop selection
	Increased soil quality, yield, and food security 
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Figure 2.  Scenario 1: Traditional tillage and no crop selection
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Figure 3.  Scenario 2:  Minimum tillage and no crop selection 
[image: ]
Figure 4. Scenario 3: Minimum tillage and increased crop selection
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Figure 5.  Scenario 4:  Traditional tillage and increases crop selection

Discussion
The scenario results reveal that farmers have a strong positive cognitive link between tillage and soil quality, believing that minimum tillage would decrease the ability of the soil to produce a large yield.  As scenario 2 (Figure 3) depicts, suggesting to farmers that they should decrease their tillage, all other variables remaining the same, farmers believe their yield, food security and soil quality would all decrease as a result.  The scenario results also reveal that farmers have a positive cognitive link between crop selection and yield.  As scenario 3 (Figure 4) depicts, suggesting to farmers that they should increase their crop selection would be received well since farmers believe that their food security would increase as a result. Based on the results, scenario 4 (Figure 5), which models the practice of traditional tillage with increased crop selection, has the greatest resonance within the current agricultural belief system of the community.  

Conclusion
[bookmark: _GoBack]Use of the FCM to characterize the CAPS communities is an example of how project planners can learn from the community and align development goals with local beliefs.  For the CAPS communities, increasing crop selection through the introduction of intercropping will likely be more successful long term than a reduction in tillage.  If decreasing tillage is an urgent environmental issue that cannot be ignored, the FCM tells us that an educational component that targets the root of their belief about the connection between tillage and land degradation must be included.
Just as the FCM has informed the planners of the CAPS program, the same can be done with any community beginning or undergoing an agricultural development program, ultimately allowing resources to be more effectively allocated to areas of development that would be more successful.  The use of FCM in particular is applicable in any community regardless of literacy and therefore can provide insight into complex community tradition otherwise difficult to understand.  For this reason, increased training in FCM modeling for agribusiness professionals worldwide would increase their human capital by improving their ability to design projects that’s will succeed long enough to realize environmental benefits.  
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