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Abstract

:

Certification is increasingly becoming necessary for accessing coffee export markets and practicing environmental conservation, especially at this time when many of the farmers in developing countries strive to achieve agricultural transformation. Using data from 400 randomly selected coffee farmers in Tanzania, the study determined the status, constraints, key drivers, and impact of coffee certifications. Descriptive statistics and the endogenous switching regression (ESR) model were used for data analysis. Results indicated that the level of coffee certification is low, being constrained by unawareness and inaccessibility, the prevalence of coffee diseases, failure in realizing price advantages, and certification not being cost effective. Economies of scale, experience, and participation in collective actions are significant factors affecting coffee farmers’ decision to join certification schemes. Additionally, the study rejects the hypothesis of certification to improve household income. However, certification improved awareness and practices of environmental conservation among coffee farmers. It is thus important to embark on awareness creation and make certification services accessible and cost effective to coffee farmers for increased access to niche export markets. Easing transmission of price premiums to coffee farmers will also increase the supply of sustainably grown coffee, improve coffee farmers’ livelihood, and help in the attainment of environmental sustainability goals within the coffee supply chain.
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1. Introduction


Certification is an important economic tool that is used to promote social-economic and environmental conservation objectives in the world [1]. It is used to stimulate quality and sustainability standards where consumers pay price premiums to promote social and economic change and environmental sustainability in the world [2,3]. Through these arrangements, farmers adhere to set standards so that they can benefit from price premiums and other related advantages associated with certification. However, certification is voluntary and it is used as a tool to access markets while attaining sustainability goals within the commodity supply chains. Farmers are thus required to comply with the set sustainability measures and regulations in order to enable them to access the benefits of certification [4].



Certification involves a number of stakeholders, hence there are various certification schemes covering a range of issues within the sustainability framework. For example, retailers introduce quality standards responding to the consumers’ requirements; non-governmental organizations focus on achieving suitability goals; and governments in exporting countries aim at promoting a sustainable crop commodity industry. Other certification schemes are developed by specific product industries, such as the coffee industry with an interest in promoting coffee products [3]. This is done to achieve sustainable development. According to the Food and Agriculture Organization of the United Nations FAO [5], sustainable development is “the management and conservation of the natural resource base, and the orientation of technological and institutional change in such a manner as to ensure the attainment and continued satisfaction of human needs for present and future generations. Such sustainable development (in the agriculture sector in particular) conserves land, water, plant and animal genetic resources, in environmentally non-degrading, technologically appropriate, economically viable and socially acceptable way”. Therefore, retailers, non-governmental organizations, governments, and other actors of the private sector have developed certification schemes aimed at achieving sustainable development.



For coffee, the most widely used certification standards are Fairtrade (according to Fair Trade Labelling Organization International), organic (according to the International Federation of Organic Agriculture Movements), 4C (Common Code for the Coffee Community), and Rainforest Alliance, which was merged with UTZ, certified in January 2018 [3,6,7]. Some private companies, such as Coffee and Farmer Equity (C.A.F.E) Practices by Starbucks and Nespresso AAA, provide their own coffee certifications. There are also many others, such as Smithsonian Migratory Bird Center (SMBC) Bird Friendly Certification, and Demeter, just to mention a few. These certification schemes provide independent, credible, traceable, and innovative solutions for sustainable supply chains of coffee [3,8]. They ensure that farmers produce certified coffee for specific intended markets. Certified coffee is intended to be grown in a healthy environment, it is economically viable to farmers, and promotes social equity among farmers and other workers within the coffee supply chain [8].



Coffee certification schemes work along three main sustainability dimensions of social, economic, and environmental conservation. Social and economic benefits include access to markets, price premiums, better trading conditions, and stabilization in coffee prices [7,8]. Environmental conservation is enhanced through practices such as reduced use of agrochemicals, water conservation, soil erosion, energy use, and biodiversity conservation [7,9]. Additionally, the benefits of certification can extend to increased yields and better management of farmer associations [1]. This is because some certification schemes such as Fairtrade, which is granted to cooperatives and associations and not to individual farmers, are accompanied by improved management of collective action groups.



Certification has made progress in the world and continues to show its importance due to the increasing demand for certified coffee by buyers in consuming countries. The demand for sourcing healthier and sustainably grown coffee has grown in recent years [10]. Therefore, many coffee-producing countries in the world are supplying sustainably grown coffee to consumers. Tanzania is one of the developing countries supplying non-sustainable and sustainably grown coffee, including organic, rainforest-certified, and fair-traded coffee.



Coffee production in Tanzania started in 1898. The crop was first introduced in Kilimanjaro region, Northern zone of Tanzania by Catholic missionaries, and the crop is now grown in three zones of the country [11]. These are the Northern zone made up of Kilimanjaro, Arusha, and Manyara regions; the Western zone made up of Kagera, Mara, and Kigoma regions; and the Southern highlands zone made up of Mbeya, Songwe, and Ruvuma regions. There are also emerging regions which have started to grow coffee in the Southern highlands (i.e., Iringa and Rukwa regions). Other coffee-producing regions are shown in Figure 1.



There are two types of coffee grown in Tanzania, namely, Robusta (Coffea canephora L. (Gentianales: Rubiaceae)) and Arabica (Coffea arabica L.). Arabica coffee makes up about 70% of the total coffee produced in Tanzania. The Arabica coffee produced in Tanzania is of Colombian origin, “Colombian Mild Arabica”, which is used as a filler with other coffee types. Robusta coffee makes up 30% of the total coffee produced in the country [12]. The level of coffee production in the country has increased from 33,000 tons in 1961 to 51,529 tons of green coffee (859 thousand 60 kg bags) in 2019 (FAO, 2020) (Figure 2). The coffee production trajectory reached its increasing trend in the year 2000 to 2005, attaining a production level of 95,390 tons of green coffee, which was the highest in Tanzania coffee production history.



Tanzania has continued producing coffee and it is now among the top five coffee-producing countries in Africa. Africa makes up about 11% of the total global coffee production with Ethiopia, Uganda, Côte d’Ivoire, Madagascar, and Tanzania being the top five coffee producers [13]. These five countries produce about 76% of the total coffee produced in Africa [14]. Tanzania contributes about 1.7% to the total share of coffee production in the world [15]. Coffee production in Tanzania is dominated by small-scale farmers (90%).



Tanzania experiences a positive static export trend for coffee. The country exports about 93% of the total coffee produced [12]. For example, Tanzania exported coffee worth USD 165 million in the year 2019 [16]. Available statistics indicate that about 70% of the Tanzania coffee is exported to six markets, which are Germany, Italy, the United States of America, Japan, Belgium, and the United Kingdom [16]. The coffee trade is increasing due to favorable Arabica coffee prices and the accessibility of the country to niche export coffee markets. These niche export markets are Fairtrade, Rainforest Alliance, and organic coffee markets [7]. For example, the Arabica price increased by 10.3% for the coffee exported by Tanzania in the year 2020 [17].



Tanzania, as with many other coffee-producing countries in the world, accesses niche export coffee markets by complying with quality and standards set in these markets. Standards set in these markets include sustainability standards. The main certification schemes operating in Tanzania are Organic, Fairtrade, and Rainforest Alliance. There are also specific companies’ certifications in Tanzania such as C.A.F.E Practices by Starbucks. All these certification schemes ensure that coffee sourced from Tanzania is healthier and sustainably grown.



Despite an increasing demand for sustainably sourced coffee, the level of certified coffee production has been declining in the world. Available statistics show that in the period of 2014 to 2018 the production of certified coffee dropped by 15.1% [18]. In the same period, the area under certified coffee production also dropped by 12.2%. Certified coffee represented a 25.8% share of the global total coffee production by the year 2018 [3]. Likewise, in Tanzania, as one of the coffee-producing countries, the trend is the same.



Certification schemes are charged with being ineffective, especially in sustainability awareness, transparency, and monitoring of social, environmental, and economic impacts [19]. In many coffee-producing countries, the overall impact of certification schemes on the coffee farmers has been hard to establish [1,20,21,22]. Therefore, understanding the key constraints to certification, drivers, and impact of certification on the coffee sector in producer countries is important for crafting policies that will spur the production of sustainably grown coffee, social equity, and overall sustainability within the coffee supply chain. This study established the status, constraints, key drivers, and the impact of coffee certification in Tanzania.




2. Materials and Methods


2.1. Description of the Study Area


The study was conducted in three main coffee-producing zones of Tanzania. The Southern highlands comprised Ruvuma and Songwe regions. In the Northern zone, the study was carried out in Kilimanjaro region. The Western zone was represented by Kagera region. The study was carried out in districts with a high level of coffee production. These districts were Muleba and Karagwe in Kagera region; Mbinga and Songea in Ruvuma region; Mbozi and Ileje in Songwe region; and Moshi and Hai in Kilimanjaro region. The four regions surveyed are among the 13 regions involved in coffee production in Tanzania. These four regions represent 83% of the total coffee production in the country. Ruvuma and Kagera regions are the leading regions in coffee production. Ruvuma alone represents about 30% of the total coffee produced in the country [23]. The distribution of coffee farmers involved in the study is shown in Figure 3.




2.2. Conceptual and Theoretical Framework


This study synergizes two theories in explaining what influences coffee farmers to become certified. These theories are the random utility theory and the profit maximization theory. The random utility theory is based on the random utility framework (RUF) and its assumptions as stated by Nicholson and Snyder [24] and Cascetta [25]. The theory hypothesizes that every farmer is a rational decision maker, maximizing utility relative to his or her choice of participating in voluntary certification schemes or not. In tandem, according to the profit maximization theory, the farmer is attracted by monetary returns in making the decision. In theory, farmers always act in self-interest to maximize profits [26,27].



Farmers are the maximizers of the utility of the potential monetary payoffs [28]. In maximizing profits, farmers are assumed to equate marginal revenues to marginal cost of producing the commodity. The decision of the coffee farmer  i  whether to become certified or not is based on the following rationality assumptions;




	(i)

	
The coffee farmer  i  considers the choice between becoming certified or not as being mutually exclusive alternatives.




	(ii)

	
The coffee farmer  i  assigns to each alternative a perceived utility and selects the alternative that maximizes utility.




	(iii)

	
The utility assigned to each choice alternative  j  depends on a number of attributes of the alternative itself and of the coffee farmer  i .


   U j    i  =  U i  (  x j    i  )  



(1)




where    x j    is the vector of attributes relative to the alternative  j  and to the decision-maker  i .




	(iv)

	
The utility assigned by the coffee farmer is not known with certainty and thus is represented by a random variable.









Conceptually, the decision of the coffee farmer to select whether to join a certification scheme or not is influenced by many factors which are conditioned on the farmer  i  (Figure 4). These determinants of certification include education level, economies of scale in coffee production, membership in organizations, the market outlet used in selling coffee, sex, experience in coffee production activities, and wealth or poverty level. In the choice of becoming certified, the coffee farmer maximizes utility. However, based on the random utility assumptions, the utility assigned depends on the attributes of the alternative chosen. The attributes associated with certifications are the socioeconomic and environmental benefits. It follows therefore that coffee farmers are attracted by monetary payoffs which are in terms of socioeconomic and environmental benefits. The socioeconomic benefits include increased coffee farmers’ income, enhanced market access, price premiums, better trading conditions, and stabilization in coffee prices. The practices associated with complying with certification may contribute to the improved health status of the coffee farmers. Environmental conservation is enhanced through benefits such as reduced use of inorganic fertilizers and agrochemicals, water conservation, enhanced soil health, biodiversity conservation, protection of natural ecosystems, and resilience as the result of adaptations to climate change.




2.3. Data, Sampling Procedures, and Sample Size


Data for the study were collected by field survey method in January 2021 from 400 coffee farmers in four selected regions of Tanzania. The data collection activity was preceded by requesting the approval on Code of Practice on Ethical Standards in Research which includes the General Data Protection Regulations (GDPR). Data were collected using a semi-structured questionnaire implemented using Computer Aided Personal Interviews (CAPI).



The study used a multistage random sampling method comprising four stages. The first stage was purposive selection of four regions, taking into consideration their level of coffee production (based on production level, Ministry of Agriculture, 2018 data). The second stage of district selection was also based on the same criterion of high level of coffee production and it involved selection of two districts from each region. The third stage involved selection of five enumeration areas (EAs)/villages using probability proportional to size (PPS) from each of the selected districts in stage two. The fourth stage involved random selection of 10 farmers from each enumeration area, making a total of 50 farmers per district.



The sample size (n) was estimated considering the target population (N) and using a 95% confidence interval level that is d = 5% based on Yamane [29] as shown in Equation (2) below. Available statistics indicate that these four regions have a total of 172,688 coffee farmers (N) [23]. This gives a sample size of 399.1, which is exactly 400 farmers that were interviewed.


  n =  N  1 + N  d 2     



(2)








2.4. Analytical Framework


This study used a combination of approaches in its analytical framework. This included descriptive statistics analysis to depict the levels of the variables under study and the association among the variables. In showing the association among the variables of interest, the chi-square statistic was used. Tests of significance between the variables were implemented using t-tests.



Data reduction for Likert scales and creation of summated scales were conducted using the exploratory (factor analysis) model. Measure of sampling adequacy (MSA) and sphericity tests were performed prior to estimation of the factor analysis model to see whether the correlations are large enough to be suitable for factor analysis. The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was found to be greater than 0.5 and the Bartlett’s test of sphericity was significant (p < 0.05), implying that the correlations were large enough, hence it was necessary and sufficient to use the factor analysis model in data reduction.



Participation in voluntary certification schemes was modelled under RUF. This means that if a coffee farmer decides to enter into the certification scheme, it means that there is utility gain that the farmer expects to obtain from participating in the scheme. The expected benefits that can be gained include social, economic, and/or environmental conservation gains. RUF is assumed to guide coffee farmers on making choices between being certified and not being certified. Coffee farmers choose the alternative which maximizes utility such that;    U   1 1      is the utility that coffee farmer  i  gets if certification is chosen and    U   0 i      is the utility that coffee farmer  i  gets if they choose not to join the certification scheme. The endogenous switching regression (ESR) model was used in modelling the two scenarios in two stages. The first stage of the ESR model is the estimation of the decision to become certified which was estimated through the probit model. The second stage is the estimation of the effect of the decisions on two outcome variables, which are household income and benefits of environmental conservation. The choice of whether to become certified or not is influenced by various factors (   Z i   ), thus the latent model in Equation (3) could be estimated.


   C i *  =   Z ˜  i    α ˜  k  +  ε i   



(3)







The problem with the above model is that   C i *   is unobservable as the utility of a coffee farmer cannot be observed [24], but choices made by a coffee farmer give some information. Considering Equation (4), it follows that, if   C i   = 1 then   C i *   > 0 and if   C i   = 0 then   C i *  ≤ 0. This implies that, if a coffee farmer makes choice 1, it must be the case that utility of alternative 1 is the highest.


   C i *  =  U  i 1   −  U  i o    



(4)







The probability of a coffee farmer deciding whether to become certified or not was determined by combining the regression equation for the unobservable    C i *    and the equation that links    C i    and    C i *    as expressed in Equation (5).


   C i *  =   Z ˜  i    α ˜  k  +  ε i  ;  C i  =  {    1   i f    C i *  > 0     0   i f    C i *  ≤ 0      



(5)




where     Z ˜  i    represents an array of factors hypothesized to influence the decision of whether to become certified or not (Table 1) and     α ˜  k    represents the parameters to be estimated.



The effects of certification on household income and the gains from environmental conservation were estimated in two equations. The ESR model was run two times since the outcome variables of interest were two. The first run involved the outcome variable being livelihood improvement which was measured by total household income and the second run of the model involved using environmental conservation as the outcome variable. The total household income was calculated from the coffee income, livestock income, vegetable and fruits income, income from other crops, remittances, salaries/wages, businesses, and income from off-farm economic activities.



The environmental conservation outcome variable was calculated through the data reduction method using factor analysis. The summated scale method was used in creating the variable to measure environmental conservation from 5-point Likert scale statements. These statements were awareness of environmental effects; awareness of sustainable practices; practice of sustainable coffee production; existence of barriers to sustainable coffee production; and the measures used to minimize environmental effects.



The outcome equation for the two regimes, which involves certification status (1 if certified and 0 if not certified), was estimated in two equations that were combined in the ESR model [1,22,30]. The models in Equations (6) and (7) were combined and estimated in Stata software using the movestay command with the full information maximum likelihood method [31,32].


  Regime   1 :    Y 1    i  =    X ˜   1 ′    i    β ˜     k  +  ε 1    i     if     C 1    i  = 1 ;   certified   coffee   farmers  



(6)






  Regime   2 :    Y 0    i  =    X ˜   0 ′    i    β ˜     k  +  ε 0    i     if     C 0    i  = 0 ;   not   certified   coffee   farmers  



(7)




where    Y i    represents the outcome variables total household income and environmental conservation and        X ˜   ′       are the factors assumed to affect the outcome variables (Table 1).



The post-estimation was implemented using the mspredict [32] command and the procedure was used in the estimation of the average treatment effects on the treated (ATT) and the average treatment effects on the untreated (ATU) to deduce the effects of the certification decisions on the outcome variables which are household income and environmental conservation. ATT was calculated as the difference between the expected value of the real scenario outcome from certification and its corresponding counterfactual outcome scenario. Similarly, ATU was calculated as the difference between the expected value of the real scenario outcome from non-certified coffee farmers and its corresponding counterfactual outcome scenario.





3. Results


3.1. Socioeconomic Characteristics of Coffee Farmers


Participation of coffee farmers in certification schemes is low. Findings indicate that 70.5% of the farmers involved in the study were not participating in any certification scheme. The remaining proportion of farmers (29.5%) was in various certification schemes which are Organic, Rainforest Alliance, and Fairtrade certification schemes. Summary statistics of the sampled coffee farmers are provided in Table 2. It is clear that most farmers who were not engaged in certification schemes were male adults. They were not specialized in coffee production, and had a high level of literacy. The results indicate significant variations between the level of specialization, age of the coffee farmer, and certification (p < 0.05). The more specialized coffee farmers were engaged more in certification schemes than their counterpart coffee farmers with low levels of specialization. Additionally, old people (≤60 years) participated more in the certification schemes than adults (36–59 years) and youth (≤35 years). Generally, coffee production activities seemed to not be economically attractive to youth as only 11% of the farmers were youth. Land ownership might also be constraining youth from taking part in coffee production activities given the fact that the crop is perennial.




3.2. Coffee Farmers’ Participation in Collective Action


The participation of coffee farmers in collective actions facilitated access and decision to participate in certification schemes. Our results of analysis show that 91.3% of all the farmers have membership in various organizations. Many farmers who have membership in various organizations (98.1%) had membership in agricultural/livestock/fisheries farmer groups, including marketing groups such as agricultural and marketing cooperative societies. The other organizations with a high proportion of coffee farmers were trade and business associations and credit or microfinance groups, including saving and credit cooperative societies (SACCOS) and village saving and lending associations (VSLAs), with 13.7% and 12.6% of coffee farmers, respectively.



Additionally, participation in collective action facilitated collective sales of coffee and other agricultural produce. Results show that 89.5% of the coffee farmers used AMCOS as the key market outlet for their coffee. This shows that more coffee farmers who were members in various organizations and used AMCOS as their market outlets were in certification schemes (Table 3). Coffee farmers who did not use AMCOS as their market outlet sold their coffee through middlemen, local villagers/neighbors, cottage processors, and other processing companies. In fact, many studies have reported the importance of agricultural farmers participating in collective action activities. Participation in collective action will not only make farmers benefit from collective sales but there are other advantages, including environmental conservation methods that can be obtained through participation in collective action. The studies by Barham and Chitemi [33], Ochieng, Knerr [34], and Twine, Rao [35] have showed that sharing of technical knowledge and access to credit constituted several benefits that can be obtained through farmers’ participation in collective action.




3.3. Determinants of Certification Decisions among Coffee Farmers


Level of specialization, membership in organizations, and years of experience in coffee farming activities significantly influenced the decision to engage in the certification scheme under the two outcomes of household income and environmental conservation (p < 0.05) (Table 4). We used the level of specialization as the measure of economies of scale [36]. The findings show that an increase in the level of specialization in coffee production activities increased the predicted probability for coffee farmers to become certified. This means that the more specialized the coffee farmers were, the more they were likely to become certified. However, farming households tend to pursue risk diversification objectives which reduce their level of specialization. Therefore, the most important indicator for coffee farmers to have a high chance of joining the certification schemes is economies of scale. Economies of scale indicate how a farmer can be able to intensify in the coffee production system. Farmers exercising a high level of intensification in coffee production may have a high chance of joining the certification scheme. Similarly, the study by Volsi, Telles [37] indicated how specialization is essential for driving intensification in the production system.



Membership in organizations increased the predicted probability of becoming certified. Membership is the measure of participation in collective action. The participation of coffee farmers in collective action is an important method to obtain information on various niche markets that would lead to their involvement in certification schemes. Collective actions are also essential to spur knowledge transfer among the coffee farmers. Therefore, coffee farmers should be encouraged to have membership in various organizations which will support their coffee production and marketing activities, easing the chance of becoming certified. Participation in collective action is vital. Similarly, a study by Bravo-Monroy, Potts [6] in Colombia indicated membership to be a key element in supporting coffee farmers to make decisions on certification.



Years of experience in coffee farming activities increased the chance of farmers making a decision to become certified. An increase in years of coffee farming experience increases the predicted probability of becoming certified. This means that the more experienced coffee farmers have a higher chance of becoming certified than the less experienced coffee farmers. Experience is always accompanied by improved knowledge and skills in farming practices. Experienced farmers have skills in managing coffee and other related activities. This increases the efficiency of their farming activities, leading to them being in a better position for making a decision to become certified.



Surprisingly, the wealth status of the coffee farmers reduced the chance of becoming certified. Findings indicate that an increase in the wealth of the coffee farmer reduces the predicted probability of becoming certified. The wealthier coffee farmers have a lower chance of joining the certification schemes. This is due to the fact that rich farmers have diversified their capital into investing in production of other better-paying crops such as banana, avocado, and other horticultural products.



In pursuing environmental conservation objectives, the market outlet used by the coffee farmers was found to be imperative. Coffee farmers selling through AMCOS were found to have a higher predicted probability of becoming certified than farmers who sold coffee via the other market outlets. Additionally, sex of the plot manager and level of education were not significant determinants of coffee farmers’ decision to engage in certification schemes.




3.4. Coffee Farmers’ Awareness and Practice of Environmental Conservation


The study established the level of awareness and practice of environmental conservation among coffee farmers. Results indicated that 59.5% of coffee farmers are not aware of the environmental effects associated with coffee production activities. This brings out the need for environmental education to be provided to coffee farmers. Interestingly, the sustainable production practices for coffee that conserve the environment, general biodiversity, and ecosystem were known to many coffee farmers (53.6%), especially the certified coffee farmers (63.6%), and they practiced sustainable production. However, some non-certified coffee farmers (39.4%) indicated that they faced barriers in practicing sustainable coffee production/trade in their area. The barriers included inaccessibility to knowledge and some of the production inputs. Generally, certified coffee farmers face fewer barriers in practicing sustainable coffee production/trade in their area. They are more informed and they practice sustainable coffee production that conserves the environment, biodiversity, and ecosystems in contrast to the non-certified coffee farmers.



Nevertheless, many coffee farmers (65%) in both groups (77.1% for certified farmers and 59.9% for non-certified farmers) were found to be using measures that minimize environmental effects associated with coffee production. These measures include use of the mulching method for increasing water porosity, water retention capacity, and stability. This was practiced by 46% of the coffee farmers, of which many were certified farmers and were statistically significantly different from the non-certified farmers (Table 5) (p < 0.05). These methods conserve the environment and protect coffee farms from soil erosion. The other methods used to avoid soil erosion are planting trees, use of contours, construction of water streams, and terracing. However, this method was used by few (28.2%) farmers. The construction of water streams is used to avoid soil erosion and water loss. Additionally, many coffee farmers (92%) practice intercropping of coffee with leguminous crops to improve soil health by adding soil nutrients. The intercropping of coffee with trees and other beneficial plants enhances biodiversity in coffee production activities.



Water resource conservation is another method that was practiced by a few coffee farmers (8.8%) for minimizing environmental effects associated with coffee production and did not vary between the two groups. The practices of water conservation included the construction of a water sewage system, especially during the processing of coffee to reduce environmental pollution. Coffee primary processing requires a lot of water. Coffee farmers indicated performing home processing using their own pulping machines. Water is the most important ingredient in pulping. Some coffee farmers ensure that there is no washing of coffee alongside water sources such as ponds, rivers, springs, and canals. Additionally, coffee farmers ensure they practice farming away from water sources in order to minimize water pollution caused by agrochemicals used in farming, especially during the rainy season.



The proper use of agrochemicals is another area being observed by some coffee farmers (20.5%) in conserving the environment. This includes the use of recommended application methods, amount, and frequency of using herbicides, pesticides, and insecticides. However, coffee farmers involved in certification schemes, especially organic farming, reported using herbs in pest and disease treatment methods that are environmentally friendly. Other methods for those using agrochemicals included the collection and burning of packaging materials used for agrochemicals that could add poison to the environment and affect biodiversity as well as endanger personal health.




3.5. Factors Affecting the Outcome Variables between Certified and Non-Certified Farmers


Sex of the coffee plot manager, education, market outlet, level of specialization, and membership in organizations were found to significantly affect the outcome variables which are household income and environmental conservation (p < 0.05) (Table 6). Sex of the farmer and level of education influenced the total household income generated by the farmer. Male farmers were found to have a greater predicted probability of obtaining higher household incomes than females. This was true for both certified and non-certified coffee farmers. This is due to the fact that women have low access and control over various resources in the study areas which are key contributors to household incomes. Additionally, an increase in the level of education was found to increase the predicted probability of obtaining high household incomes for certified coffee farmers.



The level of specialization and sex of the farmer were found to significantly reduce the predicted probability of being aware of and practicing environmental conservation for certified coffee farmers. Male coffee farmers were found to be less concerned with environmental conservation than female. Likewise, the more specialized coffee farmers were found to be less concerned with environmental conservation practices. However, membership in organizations increased the chance of being aware and practicing environmental conservation for both certified and non-certified coffee farmers. Additionally, membership in various organizations and use of AMCOS as the market outlet increased the predicted probability of obtaining high household incomes for the non-certified coffee farmers.




3.6. The Effect of Certification Decisions on Environmental Conservation and Livelihood Improvement


Coffee farmers who were not in the certification schemes earned higher coffee and total household incomes than certified coffee farmers. The t-test results indicated significant differences in annual incomes earned between the two coffee farmer groups (p < 0.05). Income earned from coffee production activities by certified coffee farmers was USD 490.91 lower than that of non-certified coffee farmers. Similarly, non-certified coffee farmers had a mean annual household income that was USD 762.06 higher than that earned by their counterpart certified farmers (Table 7). This implies that there are challenges confronting certified farmers that cause them to fail to gain the anticipated benefits, including increased incomes. The differences are reported to emanate from coffee productivity, farm sizes, and the fact that the price premiums are not paid to certified coffee farmers.



Further analysis on the average treatment effects on the treated (ATT) and the average treatment effects on the untreated (ATU) showed a negative value of ATT for the total household income outcome variable and a positive on the environmental conservation. This suggests that coffee farmers who are not in the certification schemes earned higher household incomes than certified farmers. This means that the findings reject the hypothesis of certification to improve household income, on the one hand. On the other hand, certification improves awareness and practice of environmental conservation among coffee farmers (Table 8). Certified coffee farmers are better placed in conserving the environment. These findings are in line with Kattel [38], who found certification, especially group organic certification, enhances environmental sustainability. Therefore, certification leads to improved environmental conservation. This is due to the fact that certification schemes are always accompanied by environmental conservation indicators such as pesticide use, water and energy conservation, and biodiversity. Therefore, smallholder coffee certification contributes more to environmental conservation and other sustainability indicators than increased incomes, especially for developing countries like Tanzania.




3.7. Key Challenges in Coffee Certifications


The study identified challenges in accessing certification schemes for some of the coffee farmers. Farmers indicated that they experienced compliance issues with some of the certification schemes. The terms and conditions spelt out in joining the schemes were difficult to comply with. The level of awareness on the availability of different niche markets and opportunities from certification schemes was not known with certainty by many coffee farmers in the study areas. This can be linked to the inefficiencies in sharing market information within the coffee supply chain.



Many coffee farmers (49.8%) disagreed on whether it was easy to access niche export coffee markets. Few coffee farmers (23.3%) were indifferent and the remaining proportion (26.9%) indicated that they agreed with the statement. The level of agreement on the statements is shown in Figure 5. The Likert scale responses were such that 1 (20%) was strongly disagree, 2 (40%) was disagree, 3 (60%) was neutral/indifferent, 4 (80%) was agree, and 5 (100%) was strongly agree. Coffee farmers who agreed on a statement are above the neutral/indifferent line (60%) which separates level of agreement and that of disagreement, while coffee farmers who disagreed on a stated statement are indicated below the neutral line (60%). Many of the coffee farmers who disagreed on easiness in accessing the niche markets were in the non-certified group. Non-certified coffee farmers experienced difficulties in accessing the certification services. They lacked information on the availability of certification services and also experienced issues related to compliance. However, even if the certification services were accessible, many coffee farmers (56.6%) from both groups disagreed with the statement of them being easy to obtain.



The prevalence of coffee diseases, such as coffee berry disease (CBD) (Colletotrichum kahawae), was mentioned as one of the reasons that made some coffee farmers hesitate to obtain organic coffee farming certification. CBD has been affecting coffee farmers for quite a long time. Similarly, the study by Otieno, Alwenge [39] identified CBD as being one of the key diseases affecting coffee farmers in Tanzania. Some coffee farmers reported non-availability of organic agricultural inputs to support them once they are certified. They indicated that these inputs were readily available in their location, but their commercialization and availability in bulk was a major constraining factor. This affected the ability of farmers in the study areas to comply with organic certification. In fact, some coffee farmers could not realize the price advantage and yield gains expected from joining the certification schemes. The findings of our study indicate that some farmers sold their organic coffee at relatively similar prices as those offered by farmers who were not certified, hence failing to benefit from price premiums. Generally, certified coffee farmers sold their coffee at 1.1 USD/Kg of parchment while the non-certified farmers sold at 1.4 USD/Kg. The difference is attributed to the associated transaction costs in both groups and buyers’ differences. Transmission of price premiums to coffee farmers is a challenge in many countries. The study by Rich, PG [40] in India found the premiums to be small. Similarly, the study by Minten, Dereje [21] in Ethiopia also found the premiums to be hardly transmitted to farmers. This indicates that the price advantages are captured by other actors along the coffee supply chain. The key informants’ results from our study revealed the existence of quality-related issues and overregulation of the coffee marketing system, which in turn hindered coffee farmers from benefiting from price advantages. However, many coffee farmers (60.6%) reported that their coffee met international standards in terms of quality. More certified coffee farmers indicated that they had better quality coffee than the non-certified coffee farmers.



The state of government regulation in the sector was mentioned by many coffee farmers as challenging. Our results show that 54.8% of the coffee farmers agreed with the assertion that the existing government regulations and restrictions constitute the major obstacle to coffee trade. The level of agreement was higher for non-certified coffee farmers than the certified coffee farmers. Farmers indicated complications associated with direct coffee exports. The involvement of private buyers in buying coffee directly from farmers has also been limited by the new government regulations that require all coffee to go through the auction system.



The other challenge identified was coffee productivity. Some farmers (25.5%) indicated that they faced productivity challenges regardless of the certification scheme. Organic certified farmers reported obtaining lower productivity by 34.7 kg/ha compared to their counterparts. This is because the organic fertilizers, pesticides, and herbicides are cumbersome to obtain. The low productivity leads to increased production costs affecting the whole coffee production efficiency. The price premiums that are expected to offset the productivity gap are hard to obtain.



Additionally, 56.8% of the coffee farmers surveyed indicated that certification was not cost effective. The costs vary, ranging from 150–500 USD/ha and an annual auditing fee of USD 1000–5000. The high cost of certification and auditing makes coffee farmers lose their sovereignty in accessing the price premiums. This is because the certification and auditing costs are thus paid by traders or exporting companies, for which reciprocating the benefits to the coffee farmers seems not to be working for the coffee farmers. However, certification is increasingly viewed as necessary to be able to access export coffee markets.





4. Conclusions


Certification is increasingly perceived as necessary for accessing export markets among coffee farmers in developing countries. Coffee farmers need to join the certification schemes to be capable of accessing niche export markets and to gain social, economic, and environmental benefits associated with certification. Certification-enhancing policies will spur the production of sustainably grown coffee, social equity, and overall sustainability within the coffee supply chain.



This study faced two main limitations which were dealt with during data collection, cleaning, and analysis. These limitations were respondents’ recall bias and the use of gross income rather than net income to measure livelihood improvement. Many of the respondents do not keep records or inventories of costs, purchases, and revenues. This affects the reporting of the revenues and cost streams. However, the study has well highlighted the status, constraints, key drivers, and impact of the coffee certifications in Tanzania as one of the coffee producers in developing countries. The level of coffee certification is still low, requiring interventions that will address the key constraints of certification. The key constraints include the low level of awareness and accessibility, the prevalence of coffee diseases, failure in realizing price advantage, and certification not being cost-effective for coffee farmers. The study also found that the decision of the coffee farmer to join a certification scheme was influenced by factors including economies of scale, experience, and participation in collective actions. Additionally, the study rejects the hypothesis of certification to improve household incomes. Nevertheless, certification improved awareness and practice of environmental conservation among coffee farmers.



It is thus important for private and public institutions to embark on awareness creation and make certification services accessible and cost effective to coffee farmers as well as enhancing access to niche export markets. Easing transmission of price premiums to coffee farmers will increase the supply of sustainably grown coffee, improve coffee farmers’ livelihoods, and attain environmental sustainability goals within the coffee supply chain.
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Figure 1. Coffee-producing regions in Tanzania. Source: computed from Ministry of Agriculture (MoA), 2018 data. 
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Figure 2. Coffee production in Tanzania. Source: computed from FAOSTAT 2020 data. 
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Figure 3. Map showing regions in Tanzania and the distribution of coffee farmers involved in the study. Source: sketched using coffee farmers’ household survey global positioning system (GPS) 2021 data. 
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Figure 4. Conceptual framework. Source: adapted from Rosen and Kishawy [9] and Pyk and Hatab [7]. 
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Figure 5. Level of agreement on various certification statements. Source: Coffee farmers’ household survey, 2021 data. 
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Table 1. Description of variables for the endogenous switching regression model.
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Level of the Variable

	
Variable

	
Description of the Variable






	
Environmental conservation and household income level impact variables

	
   x 1    = Sex

	
Sex of the coffee plot manager measured as 1 if male and 0 if female




	
   x 2    = Education

	
Years spent in formal training by the plot manager




	
   x 3    = Level of specialization

	
The measure of economies of scale calculated as the ratio of the coffee farm size to the total farm size of the entire household crop enterprise.




	
   x 4    = Membership

	
Membership in organizations as the measure of participation in collective action presented as number of organizations where the farmer has membership




	
   x 5    = Market outlet

	
The type of market used by the farmer in selling coffee, coded as 1 if sold through the designated Agricultural Marketing Cooperative Societies (AMCOS) and 0 otherwise.




	
Drivers of certification decision

	
   Z 1    = Education

	
Years spent in formal training




	
   Z 2    = Level of specialization

	
The measure of economies of scale calculated as the ratio of the coffee farm size to the total farm size of the entire household crop enterprise




	
   Z 3    = Membership

	
Membership in organizations as the measure of participation in collective action presented as number of organizations where the farmer has membership




	
   Z 4    = Market outlet

	
The type of market used by the farmer in selling coffee, coded as 1 if sold through the designated AMCOS and 0 if sold directly through private buyers and other outlets.




	
   Z 5    = Sex

	
Sex of the coffee plot manager measured as 1 if male and 0 if female




	
   Z 6    = Experience

	
Years of experience in coffee-farming activities




	
   Z 7    = Wealth

	
Wealth of the coffee farmer measured as total value of household owned assets in USD †








† 1 USD = 2305.10 TZS, the average exchange rate for the year 2020 BOT, Bank of Tanzania Annual Report, 2020, Bank of Tanzania: Dar es Salaam, p. 247, data. X1–X5 are the factors hypothesized to affect the outcome variables that is environmental conservation and household incomes; Z1–Z7 are factors assumed to drive the decision of farmers to get certified; AMCOS is the Agricultural and Marketing Cooperative Societies
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Table 2. Socioeconomic characteristics of coffee farmers involved in the study.
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Socioeconomic Variable (%)

	
Certification

	
Overall (n = 400)

	
χ2 Statistics




	
Certified (n = 118)

	
Non-Certified (n = 282)






	
Sex

	
Male

	
88.98

	
86.17

	
87

	
0.582 (0.446) †




	
Female

	
11.02

	
13.83

	
13




	
Age

	
Youth (≤35 years)

	
4.24

	
13.83

	
11

	
9.723 (0.008) ***




	
Adult (36 to 59 years)

	
56.78

	
57.45

	
57.25




	
Old (≥60 years)

	
38.98

	
28.72

	
31.75




	
Education level

	
No formal education

	
0.85

	
0.71

	
0.75

	
0.048 (0.976)




	
Primary education

	
82.2

	
82.98

	
82.75




	
Secondary education and above

	
16.95

	
16.3

	
16.50




	
Level of specialization

	
Less than 25%

	
11.86

	
27.3

	
22.75

	
22.12 (0.00) ***




	
25–50%

	
45.76

	
51.06

	
49.50




	
More than 50%

	
42.38

	
21.7

	
27.75








† Values in brackets are p-values; *** p < 0.01; n is the number of farmers/observations
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Table 3. Participation in collective action and points of sale among coffee farmers.
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Variable (%)

	
Certification

	
Overall (n = 400)

	
χ2 Statistics




	
Certified (n = 118)

	
Non-Certified (n = 282)






	
Membership in organizations

	
Members

	
99.15

	
87.94

	
91.25

	
13.09 (0.00) † ***




	
Non-members

	
0.85

	
12.06

	
8.75




	
Market outlet

	
AMCOS

	
95.76

	
86.88

	
89.5

	
6.96 (0.008) ***




	
Others ‡

	
4.24

	
13.12

	
10.5








‡ Others include middlemen, cottage processors, and local villagers/neighbors. † Values in brackets are p-values; *** p < 0.01; n is number of farmers/observations
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Table 4. Determinants of certification decisions among coffee farmers.
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Variable

	
Household Income

	
Environmental Conservation




	
Coeff.

	
p > |Z|

	
Coeff.

	
p > |Z|






	
Education

	
−0.030

	
0.285

	
−0.034

	
0.211




	
Level of specialization

	
0.009 ***

	
0.001

	
0.009 ***

	
0.001




	
Membership

	
0.792 ***

	
0.000

	
0.536 ***

	
0.000




	
Market outlet

	
0.273

	
0.405

	
0.527 *

	
0.098




	
Sex

	
0.212

	
0.323

	
0.247

	
0.244




	
Experience

	
0.015 ***

	
0.001

	
0.013 ***

	
0.000




	
Wealth

	
−0.000017 ***

	
0.002

	
−1.49 × 106

	
0.708




	
Constant

	
−3.303

	
0.000

	
−2.595

	
0.000




	
Correlation (r1)

	
0.077

	
0.860

	
−1.756

	
0.000




	
Correlation (r2)

	
1.033

	
0.000

	
−0.360

	
0.181




	
n

	
400

	
400




	
Model statistic

	
Wald chi2(5) = 14.02; prob > chi2 = 0.029

	
Wald chi2(5) = 28.34; prob > chi2 = 0.000








*** p < 0.01, * p < 0.1.
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Table 5. Environmental conservation practices among coffee farmers.
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Environmental Practice

	
Farmers Practicing (%)

	
Overall

	
χ2 Statistics




	
Certified

	
Non-Certified






	
Use of mulching method for increasing water porosity, water retention capacity, and stability

	
69.2

	
35.5

	
46.0

	
43.975 (0.00) † ***




	
Planting trees, use of contours, construction of water streams, and terracing

	
39.3

	
23.2

	
28.2

	
13.391 (0.00) ***




	
Intercropping coffee with trees and other beneficial plants

	
94.0

	
91.1

	
92.0

	
6.473 (0.011) **




	
Water resources conservation

	
6.0

	
10.0

	
8.8

	
1.188 (0.276)




	
Proper use of agrochemicals

	
16.2

	
22.4

	
20.5

	
1.067 (0.302)








† Values in brackets are p-values; *** p < 0.01, ** p < 0.05.
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Table 6. Factors Affecting the Outcome Variables between Certified and Non-Certified Farmers.
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Variable

	
Household Income

	
Environmental Conservation




	
Coeff.

	
p > |Z|

	
Coeff.

	
p > |Z|






	
Certified farmers

	
Sex

	
0.509 *

	
0.069

	
−0.446 *

	
0.098




	
Education

	
0.0916 ***

	
0.007

	
0.006

	
0.866




	
Level of specialization

	
0.0002

	
0.965

	
−0.013 ***

	
0.000




	
Membership

	
−0.004

	
0.985

	
0.689 ***

	
0.000




	
Market outlet

	
−0.639

	
0.150

	
−0.527

	
0.220




	
Constant

	
5.697

	
0.000

	
6.895

	
0.000




	
Non-certified farmers

	
Sex

	
0.690 ***

	
0.001

	
0.214

	
0.212




	
Education

	
0.0357

	
0.142

	
0.025

	
0.219




	
Level of specialization

	
0.005

	
0.109

	
−0.002

	
0.394




	
Membership

	
0.235 *

	
0.086

	
0.214 *

	
0.076




	
Market outlet

	
0.574 **

	
0.014

	
0.301

	
0.114




	
Constant

	
5.051

	
0.000

	
2.566

	
0.000




	

	
Correlation (r1)

	
0.077

	
0.860

	
−1.756

	
0.000




	

	
Correlation (r2)

	
1.033

	
0.000

	
−0.360

	
0.181




	

	
n

	
400

	
400




	

	
Model statistic

	
Wald chi2(5) = 14.02; prob > chi2 = 0.029

	
Wald chi2(5) = 28.34; prob > chi2 = 0.000








*** p < 0.01, ** p < 0.05, * p < 0.1; r1 and r2 are first and second correlations respectively.
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Table 7. Annual income differences between certified and non-certified farmers.
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	Coffee Farmer Group
	Mean Annual Coffee Income (USD)
	Mean Annual Total Household Income (USD)
	n = 400





	Certified
	730.12
	1587.55
	118



	Non-certified
	1221.03
	2349.61
	282



	Difference
	490.12
	762.06
	



	T test statistics
	t = 1.7056; df = 398;

Pr. (T > t) = 0.044 **
	t = 1.7293; df = 398;

Pr. (T > t) = 0.0423 **
	







United States Dollars (USD) = 2305.10 Tanzanian Shillings (TZS), the average exchange rate for the year 2020 [17]; ** p < 0.05 for t test of differences in mean incomes; n is the number of farmers/observations; df = degrees of freedom and Pr is the probability.
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Table 8. Average treatment effects for certified and non-certified coffee farmers.
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Variable

	
Household Income ‡

	
Environmental Conservation




	
ATT

	
ATU

	
ATT

	
ATU






	
Mean

	
−2.783 ***

	
2.449 ***

	
2.801

	
1.418 ***




	
Statistic

	
−8.85 (0.00) †

	
6.788 (0.00)

	
14.102 (1.00)

	
11.169 (0.00)








† Values in brackets are p-values based on ttest; ‡ the log of total household income in USD was used in the analysis; *** p < 0.01; ATT is the average treatment effect on the treated/certified farmers and ATU is the average treatment effect on the untreated/non-certified farmers.
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