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Farm households in the tropics are rapidly expanding oil palm monocultures, mainly at the expense of rainforests, agroforests, and traditional croplands. Although monetary gains and ecological consequences of such changes in land-use have been extensively documented, little is known about nutritional and dietary impacts on farm households despite those households being the most affected by nutritional problems. Here, this research gap is addressed with a 2-year panel data of farm households from Jambi province in Indonesia, a hot spot of tropical rainforest conversion into oil palm plantation. I use endogenous switching regression to better account for selection bias and obtain counterfactual outcomes. Results show high levels of undernourishment and micronutrient inadequacy in farm households in Jambi. Non-adopters are more likely to be undernourished and micronutrients deficient, consume less diverse foods, and eat low quantities of fruits and vegetables. The counterfactual analysis shows that oil palm adoption leads to significantly greater household dietary diversity, higher calorie consumption, more fruit and vegetable consumption, and higher food expenditure in farm households. These positive dietary impacts are observed irrespective of whether households belong to transmigrant or local communities. Panel regression results further show that oil palm cultivation reduces the prevalence of undernourishment and, at the same time, increases the mean probability of adequacy of consumed fruits and vegetables and micronutrients. This impact, leading to better diets, however, is complex and not straightforward; several socioeconomic, demographic, and farm factors have different dietary impacts for adopters and non-adopters. The findings highlight important policy implications: farm households adopt and expand land-uses that provide greater dietary benefits. Thus, policy-makers interested in maintaining the tropical rainforests, regulating oil palm plantations, and tackling nutritional deficiencies in the rural tropics should not overlook these dietary benefits for farm households.

Keywords: land-use change, oil palm, dietary diversity, food security, farm households, Indonesia, tropical rainforests

INTRODUCTION

Changes in land-use have been altering ecosystems and livelihoods throughout history. Recent years have witnessed a massive expansion of oil palm monocultures in the tropics of Asia, mainly at the expense of rainforests, agroforests (timber and jungle rubber), and traditional crops such as rubber and rice (Daulay et al., 2016; Drescher et al., 2016; Byerlee et al., 2017). Although large-scale commercial plantations used to dominate this massive expansion, farm households are also adopting intensively managed oil palm monocultures at a high rate (Byerlee and Viswanathan, 2018). Current estimates show that smallholder farmers account for 40 to 50% of the total oil palm plantation areas (Euler et al., 2016; Byerlee et al., 2017). This crop's rapid expansion in farm households has fostered a growing body of literature focused mainly on the associated negative ecological impacts and socioeconomic implications for those households.

The negative ecological impact of farm households' oil palm expansion has been extensively documented. It is particularly associated with deforestation, ecosystem erosion, biodiversity loss, soil erosion, and greenhouse gas emission (Foster et al., 2011; Clough et al., 2016; Drescher et al., 2016). Mixed findings are reported on the socioeconomic implications. While some studies argue that oil palm expansion causes social conflicts on local communities (Overbeek et al., 2012; Krishna et al., 2017b; Hidayat et al., 2018), numerous other studies suggest that farm households' adoption of the crop contributes to alleviate poverty and improve households' income and living standards (Dewi et al., 2005; Sunderlin et al., 2008; Tscharntke et al., 2010; Euler et al., 2016, 2017). However, a closer look at those studies examining the impact of oil palm cultivation on growers' welfare reveals two critical shortcomings, strikingly vital for research and policy-making. First, the vast majority of these studies used cross-sectional data and expressed welfare benefits in terms of money and asset accumulation. Second, those studies have hardly looked at possible nutritional and dietary effects of oil palm adoption in farm households (Euler et al., 2017; Chrisendo et al., 2019). From a development-policy standpoint, however, longitudinal evidence and welfare analyses that go beyond monetary profits are critically important, particularly in rural areas of the tropics where the highest concentration of malnourished farm households are found. In this study, I contribute to the literature by addressing these two shortcomings.

In particular, using unique panel household survey data from the tropical rainforest areas of Indonesia and regression models that better account for selection bias, I examine the dietary impacts of oil palm adoption in farm households that have chosen to grow the crop in comparison to other farmers that do not. Examining the dietary impact of oil palm adoption in farm households of the tropics is important for several other reasons. First, despite significant progress in recent decades, nutritional deficiencies still pose serious problems in farm households; for instance, about 40% of the Indonesian population is affected by undernutrition and micronutrient malnutrition, and majority of the affected are farm households (Isabelle and Chan, 2011; FAO and WHO, 2014; Ickowitz et al., 2016). Second, tens of millions of farm households in the tropical areas continue to adopt oil palm (Byerlee et al., 2017). This increasing adoption by smallholder farmers is despite the crop, which yields the highest output per ha of all oil crops (FAO, 1990), requiring an expensive initial investment, managerial skills, and a switch to more capital-intensive farming practices (Euler et al., 2017). Third, oil palm cultivation has been seen as an opportunity for fighting against rural poverty and food insecurity in several Southeast Asian countries, including in Indonesia (Zen et al., 2005; FAO and WHO, 2014). Therefore, understanding how to make such an expensive agricultural strategy to be nutrition-sensitive and contribute to improving farm households' nutrition is vital for research and policy-making.

This study is based on a 2-year panel data from the Jambi province on the island of Sumatra. Indonesia is the largest oil palm—producing and—exporting country in the world (FAO, 2018), despite also boasting the highest deforestation rate (Margono et al., 2014). Jambi province is a study area of particular interest, having undergone a significant conversion of primary forests to oil palm plantations over the last few decades (Wilcove et al., 2013; Gatto et al., 2015). The province, like other rural areas in Indonesia, has high levels of underweight and stunted children, poor household dietary diversity, and pervasive micronutrient deficiencies (FAO and WHO, 2014). Additionally, the availability of a unique panel dataset of farm households from Jambi, as part of a larger interdisciplinary research project (Drescher et al., 2016), inspired the pursuit of this study. These data allow differentiating between adopters and non-adopters as well as to calculate various household-level dietary indicators, including dietary diversity scores, quantities of fruits and vegetables consumed, calories consumed, and the measures of food and micronutrient adequacies.

Rural markets in Indonesia are poorly developed (Ickowitz et al., 2016), but plantation farmers in Jambi hardly cultivate food crops for their own consumption (Sibhatu et al., 2015; Euler et al., 2017). This has significant implications in terms of food and nutrition security. Those plantation farmers heavily depend on agricultural cash income to purchase adequately diverse foods from such imperfect markets (Sibhatu et al., 2015; Sibhatu and Qaim, 2018), which consequently makes them vulnerable to substantial income and price shocks. Moreover, cultivating perennial and non-food commercial crops—that do not directly add to household dietary diversity through own consumption, are claimed to compete for resources (e.g., land) with other food crops that in turn negatively affects food availability and increase food prices (Li, 2015). Given these serious implications, I hypothesize that adopting oil palm worsens diversity and quality of diets, increases the prevalence of undernourishment, and aggravates micronutrient inadequacies in farm households. Whether oil palm adoption in farm households helps their diets meet the minimum adequacy level and contributes to reducing the prevalence of undernourishment is an empirical question that I also seek to answer with this study.

MATERIALS AND METHODS

Research Area

This study is conducted in the lowlands of Jambi province, Sumatra, Indonesia, as part of the CRC990/EFForTS investigating ecological and socioeconomic changes associated with the transformation of lowland rainforest into agricultural systems (Drescher et al., 2016). In this subsection, I briefly discuss the socio-environmental and agricultural nature in Jambi in order to set the background for the study. Jambi province is home to diverse ethnic groups and multiple indigenous languages and dialects. It is part of the tropical areas historically covered by rainforests (Foster et al., 2011; Clough et al., 2016). Forest reserves and national parks in Jambi currently house some endangered wildlife, among them, the Sumatran orangutan, tiger, and elephant (Luskin et al., 2014). The humid tropical climate in the province is conducive to rich biodiversity and plantation crops, such as timber, rubber, and oil palm.

History of deforestation and logging in Jambi and other regions of Indonesia date back over a century, with the cultivation of timber and rubber and, more recently, with a massive expansion of oil palm monoculture. Between 1990 and 2010, commercial plantation expansion, mining, and logging activities had caused a loss of 2.65 million ha of primary forest in Jambi, approximately 43% of its total forest area (Margono et al., 2014).

Agroforestry (timber and jungle rubber) and commercial plantations (rubber and oil palm) are the most important income sources for the population of Jambi. Rubber was the most dominant crop before being recently overtaken by oil palm (Figure 1). The areas under rubber decreased by half since 2010. Contrarily, oil palm plantation, first introduced in the region through government support programs, kept expanding. In the 1980s, farm households started to cultivate oil palm with subsidized contract programs (Rist et al., 2010; Gatto et al., 2017). While subsidization stopped after 1999, independent adoption continued to grow steadily (Susanti and Budidarsono, 2014; Euler et al., 2017). Currently, Jambi is the sixth top producer of crude palm oil in Indonesia, with more than 200,000 smallholder farm households and ~700,000 ha of oil palm plantation (FAO, 2018). Important to note is that some forest cover is still available in Jambi that could be converted into oil palm plantation at any time. Thus, understanding why farm households chose to adopt oil palm is of paramount importance to promote environment-friendly production practices and improve the livelihoods of farmers and rural laborers in Jambi and similar areas worldwide.
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FIGURE 1. Rubber and oil palm plantation areas in Jambi province, between 1990 and 2017. Author's presentation based on data taken from the Tree Crop Statistics of Indonesia yearbooks (BPS, 2017, 2018; DJP, 2017).



Panel Household Survey

To examine the dietary impacts of oil palm adoption in farm households, the analysis draws upon a 2-year panel data from Jambi province. The two farm household surveys were implemented during the dry seasons in 2012 and 2015. A multi-stage random-sampling approach was applied in order to select a representative sample. In the first stage, all regencies covering the province's tropical lowland areas, namely Batanghari, Bungo, Muaro Jambi, Sarolangun, and Tebo, were purposely selected. From these regencies, 20 districts were selected randomly. Likewise, in each district, two villages were selected randomly; that is, 40 villages in total.

Additionally, five other villages were included in the sample to cover some areas where other CRC990/EFForTS' subprojects had conducted ecological experiments. At the last sampling stage, between 6 and 25 farm households from each village (depending on the village population size) were randomly selected. In total, 700 households were selected and interviewed. Only those households owning agricultural land in the last 5 years were included since oil palm experiences yield-delay for about 4 years between establishing new plantation and harvesting the first fruit bunches. Each household interviewed in 2012 was revisited in 2015. The attrition rate between the two surveys was 6% (41 observations) because of outmigration (56%), refusal to be re-interviewed (24%), and the death or old age of respondents (20%). Moreover, a few households were dropped due to missing data. To reduce the effect of attrition, those farmers who were not available in 2015 were replaced with other households from the same village that was also randomly selected.

The sample households are relatively specialized farmers in plantation crops, either rubber, oil palm, or both. Some of the respondents produce food crops like rice and maize. Moreover, few of them also grow horticultural crops, rear livestock (mainly chicken) and supplement with aquaculture production.

Data were collected using a structured questionnaire and through face-to-face interviews by carefully-trained enumerators in Bahasa Indonesia. Pre-testing was carried out to assess the questionnaire's clarity. The panel dataset contains a wide range of information, including household demographics, socioeconomic characteristics, farm activities, and food and non-food consumption. The food consumption section includes detailed information related to the type and quantity of consumed foods over the past week. While most of the data were collected by interviewing the household head or the spouse, the information about food consumption was collected by interviewing the persons responsible for buying and preparing food, often the wife or an adult daughter. In total, detailed quantitative information of 120 food items was collected, which allowed for the calculation of the household dietary indicators explained in the following sub-section.

Dietary Indicators

The main aim of this study is to examine the effects of oil palm adoption on household dietary outcomes, for which I use household dietary diversity (HDDS), daily consumption of calories, daily consumption fruits and vegetables; and annual food expenditure per adult equivalent (AE) as the primary outcome variables. To better understand the implications for food and nutrition security, I also use dichotomous dependent variables, indicating whether household diets met the minimum adequacy level of consumed fruits and vegetables, calories, as well as iron, zinc, vitamin A, and an average of these three micronutrients (iron, zinc, and vitamin A). I focus on these three micronutrients since their deficiency affects millions of people, particularly women and children (Black, 2014). All dietary indicators are derived from a quantitative 7-day recall of food intake that has already been consumed by the household members. Food waste and foods consumed outside the home are not included in the calculation of the dietary outcomes. Recent studies have shown household dietary indicators based on a quantitative 7-day recall period of food consumption are strongly correlated with individual-level indicators constructed on 24 h recall period (Sununtnasuk and Fiedler, 2017; Fongar et al., 2019).

Diet diversity is often used to indicate food security in terms of both availability and access (Ruel, 2003). I calculate a nine food groups of HDDS, based on those used for the Minimum Dietary Diversity for Women and which contribute strongly to micronutrient adequacy (Martin-Prével et al., 2015; FAO and FHI 360, 2016). Food groups that have little or undesirable nutritional and health effects when consumed in large quantities are excluded (sugars and sweets, oils and fats, and condiments) from HDDS. Food consumption expressed in terms of calories is also a standard indicator used to assess food availability at the household-level (de Haen et al., 2011; Frelat et al., 2016; Sibhatu and Qaim, 2017). Using Food Composition Tables in Indonesia (Berger et al., 2013), the quantities of food items consumed are converted into calories. The USDA National Nutrient Database for Standard Reference (USDA, 2005) is used for a few food items not listed in the Indonesia Food Composition Table. The quantities of calories are adjusted by AE to account for differences in household demographic structure, such as age and gender. Besides, annual food expenditure is used as an additional outcome variable, as it is also one of the commonly used indicators of food security (de Haen et al., 2011; Lo et al., 2012). Annual food expenditure is also adjusted by the consumer price index for Indonesia across survey rounds and by AE. Alcohol, drinking water, and condiments are omitted in the food expenditure calculation.

In the same procedure that I calculate calories, quantities of the food items consumed are first converted into equivalent micronutrient consummation per AE. After that, the households are divided into two groups of food and micronutrient adequacy status, based on the estimated daily energy, fruits and vegetables, and micronutrient requirements of a male adult with normal physical activity. Households are classified as food abundant if the quantities of calories they consumed are above the estimated minimum threshold of 2,400 kcal per AE a day (FAO, 2001). For fruit and vegetables as well as for micronutrients consumed, the internationally recommended quantities are 400 g for fruits and vegetables, 18 mg for iron, 15 mg for zinc, and 625 μg retinol equivalents for vitamin A per AE a day (FAO et al., 2004). Following Hatløy et al. (1998), adequacy is expressed for each dietary indicator in terms of a dummy variable, being “1” if actual consumption is equal to or above the recommended level, and being “0” otherwise. Moreover, mean micronutrient adequacy is calculated for each household by averaging the adequacy indicators for iron, zinc, and vitamin A.

Covariates

Several other factors may influence the quality and diversity of diets in smallholder farm households. Moreover, the dietary impact pathways of oil palm cultivation might depend on the mediation of socioeconomic, cultural, farm, and demographic factors (Chrisendo et al., 2019). I estimate all regression models (see Econometric Analysis subsection) including farm, socioeconomic and demographic characteristics, such as farm and household sizes, credit access, as well as age, ethnicity, and the education level of the household head as covariates. These covariates may influence not only the adequacy of diets and micronutrients, but also the choice of what and how much to produce, and would hence mediate the impact of oil palm cultivation on household diets.

Econometric Analysis

In this subsection, I present the econometric models estimated in this paper, namely the endogenous binary switching regression. A simple linear panel estimation that assumes a set of explanatory variables have the same impact on adopters and non-adopters may not be appropriate in this study for at least two reasons. First, many of the oil palm farmers—in the dataset that I use in this study—acquired the plantations through a transmigration program (Euler et al., 2017). This implies that sample selection bias is possible in this dataset, and thus, several of the covariates might have different dietary impacts to adopters and non-adopters (Krishna et al., 2017a). Second, for the economic significance of the estimated coefficients, a challenge is that observed and unobserved factors might affect oil palm cultivation and household diets simultaneously, such as risk preferences, entrepreneurship and farm management knowledge, and skills. Thus, identifying the impacts of oil palm adoption on household diets requires dealing with such observable and unobservable characteristics as well as controlling for selection bias. To deal with these two methodological issues, I apply endogenous binary switching regression. Endogenous binary switching regression in a counterfactual framework allows identifying the effects on dietary outcomes in each of the two groups, instead of pooling the adopters and non-adopters in one regression model.

Modeling of the effects of oil palm adoption on dietary indicators under the endogenous specification framework is applied in two stages. First, the decision to adopt oil palm (adoption equation) is estimated using a probit model, in which the equation is specified as
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where [image: image]denotes a latent variable for household i's adoption of oil palm; [image: image] if a household cultivates oil palm and [image: image] otherwise. β is a vector of parameters to be estimated; Zi is a vector of control variables explaining the possibility of being an oil palm household. εi denotes the random error.

Second, panel linear regressions (outcome equations), with selection bias correction and conditional on adoption decision, are used to examine the relationship between the dietary indicators and a set of explanatory variables (Equations 2 and 3). Specifically, the outcome regression equations are specified in two separate equations—one for oil palm adopters and another for the non-adopters, and the equations estimated are such that:
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where subscript a and n denote adopters and non-adopters, respectively. N represents the household diet indicators (i.e., HDDS, consumption of calories, grams of fruits and vegetables, and annual food expenditure). Nai, refers to adopters (treatment group) and Nni, to non-adopters (control group). βa and βn are vectors of parameters to be estimated. The error terms are νa and νn.

Equation (1), the adoption equation, decides which of the two types of groups (adopters or non-adopters) is applicable. Equations (2) and (3) describe the variables of concern (dietary indicators) in each of the two groups. The error terms νai, νni, and εi are assumed to have a trivariate normal distribution with a mean of zero. In particular, as the error term εi in Equation (1) is correlated with the error terms in Equations (2) and (3), the expected values of νai and νni conditional on the sample selection should be non-zero (Lokshin and Sajaia, 2004; Wooldridge, 2010). In simple words, statistically significant and non-zero coefficients of correlation of the error terms indicate that there was selection bias in adopting oil palm in Jambi; otherwise, no sample selection bias.

The endogenous binary switching regression is estimated using full information maximum likelihood estimation. And for a maximum likelihood estimation to be robust, exclusion restrictions should be applied (Di Falco et al., 2011). I use altitude above sea level of the household residence as a selection instrument based on a falsification test. I use altitude above sea level as a selection instrument because, in the low altitudes of Jambi, altitude was found to be affecting oil palm adoption, but not household income and consumption expenditure (Krishna et al., 2017a). A variable (altitude above sea level of the household residence) is considered a valid selection instrument if it affects the decision to implement a particular farming system (statistically significant coefficients for oil palm adoption) but does not affect coefficients in outcome equation (statistically insignificant coefficients of the dietary indicators) (Di Falco et al., 2011).

In order to estimate and compare the impact of growing oil palm on the dietary outcomes of the adopters and non-adopters, I also use the endogenous switching regression model to obtain counterfactual dietary outcomes of each group. Estimating the counterfactual dietary outcomes enables to estimate the dietary indicators of non-adopters if they had adopted oil palm, or to estimate the dietary outcomes of the adopters if they had dis-adopted oil palm. Put differently, what the dietary status of the non-adopters would have been if their characteristics (coefficients the explanatory variables) had been the same as the adopters' characteristics, and vice versa. I follow Carter and Milon (2005) to compute the actual and counterfactual dietary outcomes of the adopters and non-adopters presented in Table 1.


Table 1. Conditional expectations and treatment effects.
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Boxes (a) and (b) refer to the observed dietary outcomes (N) for adopters and non-adopters, respectively, while boxes (c) and (d) refer to the counterfactual dietary indicators. If the non-adopters had adopted oil palm, then the expected effect of oil palm adoption on non-adopters' dietary outcomes (NAsN) would have been the difference between (d) and (b). Likewise, the expected effect of oil palm adoption on the adopters' dietary outcomes (AsN) would have been the difference between (a) and (c)—had they had dis-adopted oil palm. In econometric terms, the AsN and NAsN are equivalent to the average treatment effect on the treated (ATT) and average treatment effect on the untreated (ATU), respectively (Heckman et al., 2001). In other words, ATT refers to the estimated effect of oil palm adoption on the adopters, while ATU refers to the possible effect of oil palm adoption on the non-adopters.

Finally, I conduct further panel regression analyses to understand the impact of oil palm adoption on the dichotomous variables of households' diets indicating whether these diets met the minimum adequacy level of consumed fruits and vegetables, calories, iron, zinc, vitamin A, and an average of these three micronutrients. As these outcome variables are binary, panel logit regression is used for the estimations.

RESULTS AND DISCUSSIONS

In this section, I present the key findings. First, I explore the descriptive results. I then focus on the econometric estimation results in the following subsections.

Descriptive Characteristics

Table 2 presents descriptive statistics for the sample households, disaggregated by year and adoption. The adopters and non-adopters are similar in terms of demographic characteristics, including household size, age, and education. However, there is a significant difference in terms of farm characteristics between the two groups. Adopters cultivate significantly bigger farms with a higher proportion of their land having a formal title than non-adopters. Conversely, non-adopters are less likely to access formal credit services, probably since a significant portion of their land does not have a clear title. In terms of ethnicity, the Melayu—the largest local ethnic group in Jambi—account for the majority of the non-adopters. This is probably linked to their tradition of rubber cultivation (Euler et al., 2017). Adopters own more non-farm businesses (like cafes, small shops, and motorbike repair shops) than non-adopters in 2015. As there is no significant difference in off-farm activities between the adopters and non-adopters, I use the “own business” variable as a proxy for off-farm activities in the regression estimations, which I describe in more detail below.


Table 2. Descriptive differences between adopters and non-adopters of oil palm by year.
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Table 2 also displays summary statistics of the dietary indicators, outcome variables of interest in this study. A significant difference between adopters and non-adopters is observed for these outcomes variables. On overage, adopters consume significantly more diverse foods, particularly more fruits and vegetables. Approximately, 61 and 51% of non-adopters consumed more calories than the recommended 2,400 kcal/AE a day in 2012 and 2015 respectively, whereas 71 and 67% of the adopters consumed more than the recommended quantities of calories in 2012 and 2015 respectively. In other words, 39 and 49% of non-adopters and 29 and 33% of the adopters in 2012 and 2015 are classified as undernourished, respectively. In 2015, 82% adopters and 92% non-adopters consumed less zinc than the recommended amount on average. Furthermore, about 57% adopters and 69% non-adopters consumed less iron than the recommended amount in 2015. Similar results are observed in vitamin A consumption. In sum, these findings on dietary outcomes suggest two valuable lessons. First, there is a high prevalence of undernourishment and micronutrient inadequacy in Jambi, which is similar to the national average (see the Introduction section). Second, between the two types of households, the non-adopters are more likely to be undernourished, consume less diverse foods, and consume inadequate fruits and vegetables and micronutrients on average.

Moreover, Figure 2 depicts the food groups consumed by all respondents over the previous 7-day period. The farmers' diet is mainly composed of cereals and starchy staples, meat and fish, nuts and seeds, and eggs. Organ meat, dairy products, and vitamin A-rich fruits and vegetables are relatively the least consumed groups.
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FIGURE 2. The proportion of households who consumed each food group, 2012 and 2015 combined.



Finally, over the 3 years, the number of oil palm adopters rose by 10% (from 248 to 272). Likewise, the proportion of titled land, access to formal credit, owning non-farm businesses increased in the two groups of adopters and non-adopters, Access to off-farm activities also slightly rose from 2012 to 2015, although no significant difference is observed between adopters and non-adopters. Strikingly, all indicators of household diets were lower in 2015 than in 2012 in both groups. This is because of the global drop in the prices of oil palm and rubber after 2012 (Kubitza et al., 2018).

Factors Affecting Oil Palm Adoption and Household Diets

I now discuss the econometric results, starting with findings from the endogenous switching regression model estimation. The results are presented in Tables 3, 4, and in Tables A1–A3 of the Supplementary Material. The coefficients of correlation (Σa and Σn), which are displayed in the lower part of Table 3, are significantly different from zero between the adoption (Equation 1) and outcome equations (Equations 2 and 3) in most of the model estimations. This confirms that there is self-selection in adopting oil palm in Jambi, supporting the notion that a panel linear regression estimation is not appropriate for the dataset at hand. Furthermore, the Wald test on the exclusion restriction of the variable “Altitude” is jointly significant (Table 3). Simultaneously, altitude does not have a statistically significant effect on all diet indicators of the adopters (Table A1 in the Supplementary Material). These results confirm that the falsification test is statistically valid and the endogenous switching regression estimation provides robust results.


Table 3. Binary switching regression for oil palm adoption and impact on household diets and food expenditure.
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Table 4. Treatment effects of oil palm adoption.
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Columns (1), (4), (7), and (10) of Table 3, which are the estimates from the adoption model explained in Equation (1), show that ethnicity, size of cultivated land, the proportion of titled land, and access to credit services influence oil palm adoption significantly. Ethnically, being a Melayu is negatively and significantly related to oil palm adoption. As mentioned earlier, the Melayu are the local people with the tradition of cultivating rubber, and thus less likely to switch to oil palm cultivation. Clearing rubber and setting up an oil palm plantation is also quite costly. Owning a larger cultivated area and a larger proportion of formally titled land positively and significantly influences the adoption of oil palm. This is expected and plausible, since a larger land size, combined with a formal land title, is vital for long-term agricultural investments such as in oil palm. Having clear land title also allows farmers to use their land as collateral to access rural financial markets or to diversify their off-farm livelihood systems. As one would expect, there exists a positive and significant effect of formal credit access on oil palm adoption, with about 54% of the cultivated land in oil palm farmers having clear property rights, as compared to the 37% of non-adopters in 2015 (Table 2).

Now, I discuss the results from the outcomes equation. The estimated effects of the socioeconomic factors on the four outcomes variables are presented in Table 3. In general, the results show that the sign and magnitude coefficients of the covariates are different for the adopters and non-adopters. Some of the covariates that explain the dietary outcomes in the adopters also do not explain that of the non-adopters, and vice versa. This also supports that there was selection bias in the dataset that I use in this study. Moreover, within the dietary indicators, some of the covariates that influence the HDDS, for example, either do not significantly affect or significantly affect calorie consumption and food expenditure in the opposite direction. Thus, this effect difference within the dietary indicators should be taken into consideration when one aims to improve nutrition and food security in vulnerable farm households.

More specifically, unlike in the adopters (Column 2), HDDS of the non-adopters is positively affected by household size, owning a non-farm business, larger cultivated area, and a higher proportion of titled land (Column 3). This is probably implying that nutrition education and awareness are important to improve the diversity of diets in the non-adopters compared to the non-adopters. The results in column (5) show that owning a non-farm business positively and significantly affects the adopters' fruit and vegetable consumption, but no significant effect is observed in the non-adopters. Column (6) shows that household size, taking formal credit, a larger cultivated area, and a higher proportion of titled land influences the non-adopters' fruits and vegetables consumed both positively and significantly.

Column (8) shows that owning a non-farm business and a larger cultivated land area seems to positively and significantly affect the consumption of calories in the adopters, possibly suggesting that off-farm income indeed contributes to better household diets. Likewise, column (9) shows that education level of household head, size of cultivated land, and proportion of titled land have a positive and significant effect on the consumption of fruits and vegetables in the non-adopters. As columns (11) and (12) depict, the same set of factors that affect calorie consumption are observed to affect food expenditure to the same effect direction. Important to note is that in both groups, a larger household size affects calorie consumption and food expenditure negatively and significantly. This is to be expected since a family with more mouths to feed is more likely to be with a larger number of economically inactive members, yet spend more on food. Factors related to demographic characters seem to explain the dietary outcomes in the non-adopters than adopters; for example, age and education positively affect food expenditure in the non-adopters, but no significant effect is observed in the adopters.

The year dummy shows that there has been a significant reduction in terms of diversity, calories, the quantities of fruits and vegetables consumed, and food expenditure. As described earlier, this is possibly linked to the global drop in prices of oil palm and rubber. Therefore, the diets of plantation farmers are highly vulnerable to price shocks and the resultant decrease in income. Finally, it is important to stress that education significantly affects most of the dietary indicators and food expenditure, particularly in the non-adopters. This implies that the quality and diversity of these smallholders could be promoted through both education and awareness training.

Impact of Oil Palm Adoption on Household Diets

The next logical question, important for policy implications, is how the availability and diversity of food, quantities of fruits and vegetables consumed, and food expenditure would change if the non-adopters adopt oil palm or vice versa? This leads to the presentation of results from the counterfactual analyses. I have compared the actual dietary indicators of the oil palm adopters to the counterfactual dietary indicators of those farmers if they were non-adopters (ATT). Similarly, I have compared the actual dietary indicators of non-adopters with their counterfactual dietary indicators had they been cultivating oil palm (ATU). The dietary indicators are log transformed to be normally distributed and enable easy comparisons among the indicators. The results are presented in Table 4. Since the dietary indicators are in logarithmic form, I have interpreted the results in percentages. On average, I find that oil palm adopters would have fallen in calories, dietary diversity, quantities of fruits and vegetables consumed and food expenditure, if they become non-adopters by 11.0, 12.6, 16.5, and 51.3%, respectively. In contrast, the diets of non-adopters would have been higher than now if they had adopted oil palm. Specifically, had the non-adopters adopted oil palm, the diversity of their diets would have increased by 51.2 %, and the daily quantities of fruits and vegetables consumed by 66.7%, the daily calorie consumption by 31.4%, and annual food expenditure by 45.3%. Generally, these results show that non-adopters can significantly improve their diets in terms of diversity, availability, and the consumption of micronutrients if they adopt oil palm.

Robustness Checks and Dealing With Endogeneity

As mentioned above, many of the adopters received oil palm plantations as part of the package of the transmigration program. This might bias impact estimates if not considered. Since the sampling strategy is random at the district, village, and household levels, and since I also use an econometric strategy that controls selection bias, this should not be a concern. However, as a robustness check, I have re-estimated all models by restricting the sample solely to the local communities. That is, I have excluded the transmigrant households from the estimation models. Results for the exclusion restriction test are presented in Table A1 in the Supplementary Material, while results from the switching regression estimation in a counterfactual framework are shown in Tables A2 and A3 in the Supplementary Material. The results tell a similar story as to those estimates in Tables 3, 4. Indeed, regardless of a household's background, being from transmigrant or local communities, adopting oil palm improves household diets significantly.

Moreover, in the analyses so far I have not considered whether previous income (the wealth status of a farmer before adopting oil palm) affects the dietary benefits and oil palm adoption simultaneously; so it not yet clear whether the observed effects are actually due to oil palm adoption. In econometric terms, is there an endogeneity (reverse causality) problem in the data I use in this study? In order to test whether previous income status changes the findings, one needs to have income information of the two groups of adopters and non-adopters before 2012, that is, before the first wave of the dataset used in this study was collected. Unfortunately, such information is not available in this dataset. However, the CRC 990/EFForTS project is still tracking the sample households; and out of the 440 households that were non-adopters in 2012, 83 households have so far adopted oil palm [24 households adopted between 2012 (as mentioned earlier) and 2015 and another 59 households between 2015 and 2018]. I have therefore examined whether the average annual income and total expenditure in 2012 differ between the new adopters and those who have not yet adopted oil palm. The logic behind is that if the average annual income and expenditure differ between these two subsamples, there is highly likely that the average income and expenditure in the adopters and non-adopters in the whole dataset to be different as well. The estimated results are shown in Table A4 in the Supplementary Material. The findings show that there is no statistically significant difference between the two groups. This implies that the adopters were not wealthier than the non-adopters in 2012, and thus the observed effects on dietary outcomes are actually due to oil palm adoption. Besides, the majority of the adopters in the dataset I use in this study are transmigrant households who received oil palm plantations from the government (and as explained above, this difference is effectively dealt using appropriate econometric estimation model). Those transmigrant households did have noticeable wealth when they arrived in Sumatra; they were actually under food aid for several years (Fearnside, 1997). In other words, households in Jambi are adopting oil palm by the prospect to improve welfare (dietary outcomes), but it is unlikely that a priori wealth status systematically derives the observed dietary benefits in the adopters. Against this background, I conclude that reverse causality is not a problem in the data I use in this study.

Effects of Oil Palm Adoption on Food and Nutritional Adequacy

In the final analysis, I present and discuss the effects of oil palm adoption on food and micronutrient adequacy. I mainly discuss the impact of oil palm adoption on the mean probability of adequacy of fruits and vegetables consumed, calories, iron, zinc, vitamin A, and the average of the three micronutrients. The estimated results of the panel logit models are presented in Table 5. Since the estimated coefficients are reported in marginal effects at mean values, I have interpreted the results in percentages. Regardless of the diet indicator, oil palm adoption has statistically significant and positive effects, indicating that oil palm cultivation leads to higher food and micronutrient adequacy in general. On an average, the adoption of oil palm increases the probability of consuming fruits and vegetables by 33.6%, calorie adequacy by 38.6%, iron adequacy by 36.4, zinc adequacy by 54.9%, vitamin A adequacy by 33.1%, and average adequacy of the three micronutrients by 35%.


Table 5. Effects of oil palm adoption on household diet outcomes.

[image: image]



Together, with the results from the endogenous switching regression, it can be deduced that oil palm adoption improves the diets of farm households in the tropics, whether they belong to the transmigrant or the local communities. Hence, the nutritional impact might justify why farm households in the tropical are rapidly expanding oil palm cultivation. Moreover, several socioeconomic, farm, and demographic factors impact oil palm adoption and, at the same time, shape the diversity and adequacy of diets in those households.

CONCLUSION

I have analyzed the dietary impacts of oil palm adoption in farm households of the tropics, which has received little attention in the existing literature. In particular, using panel farm household data from Jambi province on the island of Sumatra, Indonesia, the effects of oil palm adoption on dietary diversity, quantities of fruits and vegetables consumed, calories, and food expenditure have been examined. Endogenous switching regression is applied to control for selection bias and to obtain counterfactual outcomes. Also, using panel logit regression estimation, I have examined the impact of oil palm adoption on dichotomous variables of household's diets, indicating whether the diet met the minimum adequacy level of fruits and vegetables consumed, calorie, iron, zinc, vitamin A, and the average of the three micronutrients. Rather than support the idea that adopting a perennial and non-food commercial crop worsens dietary quality and diversity in farm households, my findings support the opposite. The results illustrate that land-use change through oil palm adoption significantly improves the diets of farm households in the tropics. Positive effects are observed, notwithstanding, whether households belong to transmigrant or local communities.

Notably, oil palm adopters consume more diverse foods than non-adopters. The prevalence of undernourishment and micronutrient inadequacies are significantly less in such households. I also find that oil palm significantly increases household dietary diversity, food availability, food expenditure, and the adequacy of micronutrients through the income pathway. Furthermore, several socioeconomic, farm related, and demographic factors influence both oil palm adoption and the diversity and adequacy of household diets. This impact, leading to better diets, however, is complex and not straightforward; several the socioeconomic, demographic, and farm factors have different dietary impacts for adopters and non-adopters, which indicates that dietary diversity and quality in farm households should be promoted through strategies specifically tailored to the needs of these households.

Beyond the possible dietary impacts of oil palm adoption and the confounding factors, the findings also show that diets of farm household in the tropics are highly vulnerable to price and income shocks; the diets in both types of households were worse in 2015 than in 2012, as a consequence of the global drop in prices of oil palm and rubber. Moreover, oil palm is more capital-intensive as compared to the labor-intensive rubber, rice, or alternative crops cultivated in the tropics. This implies that expansion of the crop in smallholder setting of the rural tropics releases more labor to the rural labor market; women and older people might be more affected as they are less likely to work in oil palm plantations (Kubitza et al., 2018). Thus, creating off-farm work opportunities might help address issues related to price and income shocks, as well as to absorb the excess rural labor released because of the expansion of oil palm in the tropical rural areas.

In sum, the findings suggest that smallholder farmers seem to adopt and expand land-use types that provide greater dietary benefits. From a policy perspective, policy-makers interested in maintaining the tropical rainforests, regulating oil palm plantations and tackling nutritional deficiencies in the tropics should not overlook these dietary benefits for farm households.

I conclude by highlighting a few limitations that might be beneficial in future research. The focus of this study is to better understand the impact of oil palm adoption through the agricultural income pathway, not to capture all potential impact pathways. Future studies should, therefore, identify and investigate other impact pathways on how oil palm adoption influences household diets. Moreover, I have used a statistically valid selection instrument to account for selection bias as well as have tested for possible endogeneity issues. However, this is not to claim that the selection instrument used and the endogeneity tested in this paper are absolutely perfect. Yet this still helps to reduce the level of the statistical endogeneity problem often faced in this kind of study by reducing the level of bias in analyzing the dietary and nutritional impacts of oil palm adoption in the tropics. Similarly, I note that the results here reflect the situation in Jambi and may not be generalized. Follow-up research might test with data from other regions and use different estimation techniques to increase the reliability of the findings in this study. Finally, household-level dietary indicators are used in this study. Household-level food consumption is the entry point for any policy that targets individuals because a person can access and consume only the foods present in her/his household. Recent evidence also supports that household-level food consumption is strongly correlated with individual-level dietary intakes. However, it remains to be studied about how household-level food consumption could be proxy for the mean probability of adequacy of micronutrients in multi-site quantitative datasets.
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Log HDDS (9 food groups) Adopters 1.925 1.820 0126 ATT
(0.002) (0.003) (0.002)

Non-adopters 2374 1.862 0512 AU
(0.001) 0.002) (0.001)

Log fruts and vegetables (g/AE/day) Adopters 6.025 5856 0.168" ATT
0.016) (0.020) (0.009)

Non-adopters 6.460 5793 0667 AU
0.012) 0014) (0.005)

Log calorie (kcal/AE/day) Adopters 8.005 7.895 0410 ATT
(0.007) (0.009) (0.006)

Non-adopters 8.164 7.850 0314 AU
(0.005) (0.005) (0.004)

Log food expenditure (000 IDR/AE/year) Adopters 8858 8345 0513 ATT
(0.009) 0.010) (0.005)

Non-adopters 9.100 8647 0.453" AU
(0.008) (0.007) (0.004)

Standard errors in parenthesis. *** denote significance at 1%, based on t-tests. HDDS, household dietary diversity score; IDR, Indonesian rupiah; ATT, the average treatment effect on
the treated: ATU, the average treatment effect on the untreated.
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Adopters (A) @ENaIOP =1 (0) EN)IOP=1 AN =(a—c) AAT
Non-adopters (NA) (o) ENalOP =0 (b) ENp)IOP =0 NAsN = (d — b)ATU

Celss (a) and (b) denote the diet indicators that are observed in a sample; cells (c) and
() denote the counterfactual diet indicators.

E is the expected operator.

OP = 1ifthe household s an adopter of oilpalm; OP = Oif the householdis non-adopter
of oil paim.

N is dliet indlicators for adopters; Ny = dietary indicators for non-adopters.

AsN and NAsN denote the expected diet indicators (N) effects of oil paim adoption for
those households randomly chosen from the adopters and non-adopters, respectively.
ATT is the average treatment effect on the treated: ATU is the average treatment effect
SN ik
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2012 2015

Adopters  Non-adopters  Difference  Adopters  Non-adopters Difference
EXPLANATORY VARIABLES
Age of household head (years) 45.19 45.62 —0.42 47.67 47.43 0.14
©.77) (0.59) 097 ©67) (0.057) ©0.88)
Education level of household head (years) 7.88 729 0.59* 7.44 715 0.29
0.22) ©.18) 0.28) (©0.21) (0.18) (0.28)
Household owns business (dummy) 024 0.19 005 035 022 018
Off-farm income (1 = yes; 0 = otherwise) 061 060 001 073 0.69 0.05
Ethnicity: (1 = Melayu; O = others) 040 055 ~0.16" 043 053 ~0.10"
Cultivated land area (ha) 562 3.48 2440 674 343 331
(0.43) 0:23) 0.48) (0.69) (0.25) 074
Share of fitled land (%) 050 032 019" 054 037 047"
(0.03) ©.02) 0.04) (0.03) 0.02) 0.03)
Migrant: (1 = transmigrant; O = otherwise) 044 024 020" 039 025 014"
Credit from formal source (dummy) 035 018 047 047 028 019"
Altitude above sea level (meter) 5058 57.23 —6.65" 4751 56.80 ~9.20"
(1.58) (1.349) @.07) (1.33) (131) (1.87)
Household size (number) 449 421 -0.08 415 411 0.04
(0.09) ©.07) ©.12) (0.09) (0.08) ©0.12)
OUTCOME VARIABLES
Household dietary diversity score (HDDS; 9 food groups) 696 655 041" 694 657 036"
©0.07) (0.08) 0.10) ©.07) (0.08) ©.10)
Fruits and vegetables consumed per day (grams/AE) 679.16 541.68 187.49™ 40025 30835 91.90""
(28.88) (15.42) (20.86) (20.60) (12.82) (22.99)
Calorie adequacy (dummy; >2,400 kcaVAE/day) o071 061 0.10™ 067 051 016"
Fruits and vegetables adequacy (dummy; =400 g/AE) 075 061 041 037 024 018
Iron adequacy (dummy; > 18 mg/AE) 057 039 018 043 031 012
Zinc adequacy (dummy; =15 mg/AE/day) 021 0.1 0.10" 0.18 0.08 010"
Vitamin A adequacy (=625 ug RE/AE/day) 056 041 015" 0.48 035 013
Mean adequacy of iron, zinc and vitamin A (dummy) 044 030 0141 036 025 012t
Food expenditure per year (000 IDR/AE) 7523.43 626268 1260.75 8202.027 6489.72 171231
(285.38) (186.77) (328.30) (290.27) (161.12) (807.06)
Observations 248 440 272 431

Mean values with standard errors in parenthesis are reported. The t-test is conducted on mean differences. AE, adult equivalent; RE, retinol equivalent. Food expenditure is adjusted by
the consumer price index for Indonesia across survey rounds. lenote significance at 5, and 1% levels, respectively.
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