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unger and malnutrition are complex global problems. Despite improvements in food and nutrition security over the
last few decades, the prevalence of undernutrition remains high,
especially in Africa and Asia (1–3). Close to 800 million people
are still classified as chronically hungry, meaning that they do not
have sufficient access to calories (4). An estimated 2 billion people
suffer from micronutrient malnutrition, mostly due to low intakes
of vitamins and minerals such as iron and zinc (3). Nutritional
deficiencies are responsible for a large health burden in terms of
lost productivity, impaired physical and mental human development, susceptibility to various diseases, and premature deaths (5).
Nutritional deficiencies are not only the result of low food quantities consumed, but also of poor dietary quality and diversity. In
fact, the level of dietary diversity was shown to be a good indicator
of people’s broader nutritional status in many situations (6–12).
More diverse diets tend to be associated also with lower rates of
overweight and obesity—other nutritional problems of rising
magnitude in many parts of the world (13). Increasing dietary
diversity is therefore an important strategy to improve nutrition
and health. This implies that agricultural production also needs to
be diversified, so that a wide range of different types of foods are
available and accessible also to poor population segments (14).
Over the last 50 y, agricultural modernization has contributed to
narrowing global production patterns with a focus on a limited
number of major crop plants (15).
In Africa and Asia, the majority of the undernourished people
live in rural areas. Many of them are smallholder farmers (16).
Against this background, further diversifying production on
these smallholder farms is often perceived as a useful approach to
www.pnas.org/cgi/doi/10.1073/pnas.1510982112

improve dietary diversity and nutrition (17–20). Several recent
development initiatives have promoted smallholder diversification
through introducing additional crop and livestock species with the
intention to improve household nutrition (21, 22). Because farm
diversity can help to increase agrobiodiversity too, this approach is
also welcome from environmental perspectives (21, 23, 24). But is
there really such a clear link between production diversity on the
farm and consumption diversity in the farm household? What are
other factors that influence this relationship and dietary diversity in
smallholder farm households more generally? These are underresearched questions of relevance for improving agriculture and
nutrition in the small-farm sector (25, 26). Here, we address these
questions empirically with data from several developing countries.
A positive relationship between farm production diversity and
dietary diversity is plausible, because much of what smallholder
farmers produce is consumed at home (27). However, assuming
that all smallholders are pure subsistence farmers and do not sell
and buy any food is too simplistic. Taking into account market
transactions, the relationship between production diversity and
dietary diversity becomes more complex. Instead of producing everything at home, households can buy food diversity in the market
when they generate sufficient income (17). Farm diversification
may contribute to income growth and stability up to a certain point,
but beyond that point further diversification may reduce household
income due to foregone benefits from specialization (28). Because
lower household incomes tend to be associated with lower dietary
quality, the relationship between production and consumption diversity may even turn negative in some situations. Beyond farming,
the majority of smallholder households in developing countries
also have off-farm income sources (29), further adding to the
complexity. When relying on markets, nutrition effects in farm
households will also depend on how well the markets function and
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Undernutrition and micronutrient malnutrition remain problems
of significant magnitude in large parts of the developing world.
Improved nutrition requires not only better access to food for poor
population segments, but also higher dietary quality and diversity.
Because many of the poor and undernourished people are smallholder farmers, diversifying production on these smallholder farms is
widely perceived as a useful approach to improve dietary diversity.
However, empirical evidence on the link between production and
consumption diversity is scarce. Here, this issue is addressed with
household-level data from Indonesia, Kenya, Ethiopia, and Malawi.
Regression models show that on-farm production diversity is positively associated with dietary diversity in some situations, but not in
all. When production diversity is already high, the association is not
significant or even turns negative, because of foregone income
benefits from specialization. Analysis of other factors reveals that
market access has positive effects on dietary diversity, which are
larger than those of increased production diversity. Market transactions also tend to reduce the role of farm diversity for household
nutrition. These results suggest that increasing on-farm diversity is
not always the most effective way to improve dietary diversity in
smallholder households and should not be considered a goal in
itself. Additional research is needed to better understand how agriculture and food systems can be made more nutrition-sensitive in
particular situations.
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Table 1. Descriptive statistics by country
Household characteristics
Farm size, ha
Production diversity (no. of crop/livestock species produced)
Food crop production diversity (no. of food crop species produced)
Margalef species richness index
Food variety score (no. of food items consumed)
Dietary diversity score (no. of food groups consumed)
Market distance, km
Off-farm income (dummy)
No. of observations

Pooled

Indonesia

Kenya

Ethiopia

Malawi

1.26 (2.60)
6.13 (4.75)
3.62 (2.96)
0.44 (0.47)
15.94 (8.43)
7.99 (2.48)
21.27 (33.37)
0.36
8,230

4.50 (7.42)
1.74 (0.91)
0.29 (0.76)
0.16 (0.10)
29.58 (8.11)
10.02 (1.29)
6.55 (7.41)
0.48
674

0.71 (0.94)
7.82 (2.58)
4.72 (1.51)
0.79 (0.28)
24.68 (4.64)
11.40 (0.97)
3.09 (3.58)
0.51
397

1.63 (1.91)
10.19 (5.81)
6.30 (3.64)
0.85 (0.65)
7.91 (2.31)
5.42 (1.70)
63.53 (47.50)
0.32
2,045

0.74 (0.60)
4.80 (3.08)
2.90 (1.90)
0.28 (0.25)
16.68 (6.72)
8.48 (2.02)
8.17 (5.71)
0.35
5,114

Mean values are shown with SDs in parentheses. Additional variables are shown in Table S1.

who within the household controls the income from commercial
farm sales and off-farm employment (28, 30, 31). As is well known,
gender aspects can play important roles in determining household
food and nutrition security (32). Hence, the direction and strength
of the production–consumption diversity relationship will be situation-specific. Although recent case studies of the nutritional impacts of smallholder farm diversification projects exist (33–35, *),
linkages and influencing factors have not been analyzed from a
broader perspective.
We analyze the relationship between production and consumption diversity in smallholder farm households with data from four
developing countries: Indonesia, Kenya, Ethiopia, and Malawi.
These four countries were chosen because recent household-level
data suitable for the analysis were available, which is not the case
for many other countries. Moreover, these four countries cover
different situations in terms of farm structures, market access,
culture, and levels of poverty and malnutrition, so that the data
may be useful to derive some broader conclusions that are relevant
beyond a particular case. The data from Indonesia and Kenya
refer to specific regions within these countries, where smallholder
farmers grow cash crops for the market (Materials and Methods).
The data from Ethiopia and Malawi are nationally representative.
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Results
Descriptive statistics for key variables used in this analysis are
shown in Table 1 (additional variables are shown in Table S1).
The average size of farms in the pooled sample covering all four
countries is 1.3 ha, but farm sizes and other socioeconomic characteristics vary significantly within and across countries. There are
also wide variations in terms of production diversity and dietary
diversity. We use the number of crop and livestock species produced on a farm as the measure of production diversity (in a
robustness check we also use other measures). Farmers in the
Indonesian sample have very low production diversity with only 1.7
species produced on average. The sample from Indonesia refers to
one province in Sumatra, where many farmers do not produce any
food but have specialized in rubber and oil palm as plantation
crops. In the other countries, production diversity is considerably higher. The highest production diversity is observed in
Ethiopia, where farms produce 10.2 different crop and livestock species on average.
There are different ways to measure dietary diversity; the two
most common indicators are the food variety score and the dietary diversity score (7, 17). The dietary diversity score, which
measures the number of food groups consumed over a given
period, is considered more suitable for international comparisons (Materials and Methods). Table 1 shows that household dietary diversity is higher in Indonesia and Kenya than in Ethiopia

*Rajendran S, Afari-Sefa V, Bekunda M, Dominick I, Lukumay PJ, 88th Annual Conference
of the Agricultural Economics Society, AgroParisTech, April 9–11, 2014, Paris.
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and Malawi. This is interesting, because the sample farms in
Indonesia and Kenya are more specialized in the production of
cash crops. Evidently, specialization and lower production diversity are not necessarily associated with lower dietary diversity,
when diverse types of foods can be purchased from the market.
These relations are analyzed in more detail in the following.
Association Between Production Diversity and Dietary Diversity.

Table 2 shows results of regression models where dietary diversity
is used as a dependent variable and farm production diversity as an
explanatory variable (see Materials and Methods for details of
model specification). Farm production diversity is positively associated with dietary diversity, but the effect is relatively small. In the
pooled sample, producing one additional crop or livestock species
leads to a 0.9% increase in the number of food groups consumed.
The magnitude of this effect varies by country. In Kenya and
Ethiopia, the coefficient estimates are very small and not statistically significant. In these two countries, average production
diversity is quite high; further increasing farm diversity would
hardly contribute to higher dietary diversity. In Indonesia, the
estimated coefficient is larger, which is due to the low average
production diversity observed. Many farmers in the Indonesian
sample only grow rubber. Those that grow an additional crop
usually adopt oil palm, which contributes to higher household
incomes. Hence, the improvement in dietary quality in Indonesia
is attributable primarily to rising incomes from cash crop sales
rather than more diverse subsistence production.
The models in Table 2 also include a square term for farm
production diversity, which is negative in most cases. This means
that the effect on dietary diversity diminishes, probably because
foregone benefits from specialization become more relevant for
farms that are already highly diversified.
Role of Market Access. We now analyze more explicitly how access
to markets affects dietary diversity by including additional explanatory variables into the regression models. One indicator of
market access is the geographic distance from the farm household to the closest market where food can be sold or bought. The
estimated coefficients are negative in all models (Table 3), implying that households in remoter regions have lower dietary
diversity. Better market access through reduced distances could
therefore contribute to higher dietary diversity. Comparing the
magnitude of the estimated coefficients in the pooled model
reveals that reducing market distance by 10 km has the same
effect on dietary diversity as increasing farm production diversity
by one additional crop or livestock species.
The interaction term between production diversity and market
distance is insignificant in most cases (Table 3). The positive and
significant interaction coefficient in the Malawi model suggests
that the role of production diversity is more important in remoter regions where farms tend to be more subsistence-oriented.
This effect is expected.
Sibhatu et al.

Table 2. Association between production diversity and dietary diversity
Explanatory variables
Production diversity
Production diversity squared
Model intercept
No. of observations

Pooled

Indonesia

Kenya

Ethiopia

Malawi

0.009*** (0.002)
−1.4E-04* (8.6E-05)
1.613*** (0.012)
8,230

0.054*** (0.015)
−0.007*** (0.003)
2.238*** (0.018)
674

0.003 (0.010)
1.4E-04 (5.7E-04)
2.403*** (0.038)
397

0.002 (0.004)
1.3E-04 (1.5E-04)
1.653*** (0.024)
2,045

0.015*** (0.002)
−3.2E-04** (1.4E-04)
2.074*** (0.009)
5,114

The dependent variable in all models is the dietary diversity score of households, including 12 food groups. Models were estimated with a Poisson
estimator. Coefficient estimates are shown with robust SEs in parentheses. The pooled data model was estimated with country fixed effects. See Table S3 for
full results. *, **, *** Statistically significant at the 10%, 5%, and 1% level, respectively.

Robustness Checks. There are several other factors that may influence dietary diversity in smallholder farm households. The
objective of this study is to better understand the role of farm
production diversity in different situations, not to fully explain
dietary diversity and all its influencing factors. Nevertheless, farm
production diversity may be correlated with some of the omitted
factors, which could potentially bias the estimation results. To test
for such bias, we reestimated the regression models, this time
including socioeconomic and demographic characteristics—such
as farm and household size, as well as age, education, and gender
of the household head—as additional explanatory variables. Some
of these other factors are significant, but the estimation coefficients for farm production diversity and market access do not
change much (Tables S3 and S4). We interpret this as evidence
that the main results do not suffer from omitted variable bias.
In other sets of robustness checks, we used alternative measures of production diversity, namely the Margalef species richness index, which weights by the area grown with different crops,
and a species count only including food crops as opposed to

Table 3. Production diversity, market access, and dietary diversity
Explanatory variables

Pooled

Indonesia

Kenya

Ethiopia

Malawi
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Production diversity
0.010*** (0.002)
0.048*** (0.016)
0.001 (0.010)
0.006 (0.004)
0.011*** (0.003)
Production diversity squared
−1.5E-04 (9.7E-05) −0.008*** (0.003)
2.0E-04 (0.001)
1.1E-04 (1.5E-04)
−1.5E-04 (1.5E-04)
Market distance
−0.001*** (2.6E-04)
−0.002 (0.002)
−0.006 (0.005)
−0.001* (3.1E-04) −0.014*** (0.002)
[Production diversity] × [market distance]
1.6E-05 (2.0E-05)
−6.9E-05 (0.001)
5.0E-04 (5.5E-04) −2.0E-05 (2.6E-05)
4.3E-04* (2.2E-04)
Off-farm income
0.039*** (0.008)
−0.009 (0.020) 0.059** (0.029)
0.073** (0.029)
0.083*** (0.013)
[Production diversity] × [off-farm income]
−0.002* (0.001)
0.020** (0.010)
−0.002 (0.003)
−3.5E-04 (0.002)
−0.004* (0.002)
Model intercept
1.662*** (0.014)
2.250*** (0.021) 2.425*** (0.043)
1.652*** (0.031)
2.111*** (0.015)
No. of observations
8,230
674
397
2,045
5,114
The dependent variable in all models is the dietary diversity score of households, including 12 food groups. Models were estimated with a Poisson
estimator. Coefficient estimates are shown with robust SEs in parentheses. The pooled data model was estimated with country fixed effects. See Table S3 for
full results. *, **, *** Statistically significant at the 10%, 5%, and 1% level, respectively.
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Role of Selling and Buying Food. The role of markets can also be
assessed by looking more directly at what households sell and buy.
This information is only available for the samples from Ethiopia
and Malawi, but this part of the analysis is also more interesting
for these countries, because sample farmers in Indonesia and
Kenya are much more commercialized anyway. We proceed with a
pooled sample from Ethiopia and Malawi only. In the second
column of Table 4 we include a dummy as additional explanatory
variable that takes a value of one if the household sells at least
parts of its farm produce to the market. The estimated coefficient
is positive and significant. It is also much larger than the production diversity coefficient. This comparison suggests that facilitating the commercialization of smallholder farms may be a better
strategy to improve nutrition than promoting more diversified
subsistence production. Furthermore, the negative and significant

interaction term confirms that market participation reduces the
role of production diversity for dietary quality.
In the third column of Table 4, we use a different dependent
variable and now look at dietary diversity only with respect to the
food purchased in the market. The farm production diversity
coefficient in this model is significantly negative, meaning that
more diversified farms tend to buy less diversified foods in the
market. This is perhaps not surprising: If the farm produces diverse foods itself, diversity from the market may not be needed
to the same extent. However, diversified own production can
substitute for diversity from the market only partially, because
more than half of all of the food consumed in sample households
is purchased (Table S1). The negative interaction terms between
farm production diversity, distance to market, and harvest sold
suggest that subsistence orientation tends to reduce the diversity
of foods purchased in the market. The other coefficients in the
third column of Table 4 are as expected. Better market access in
terms of shorter distance and more off-farm income opportunities increase the level of purchased food diversity.

SUSTAINABILITY
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Another indicator of market access is the availability of off-farm
income sources. Many smallholders complement their farm income with off-farm income when employment opportunities in
other sectors arise. Results in Table 3 show that off-farm income is
associated with higher dietary diversity. Cash earnings from offfarm activities increase the households’ ability to buy diverse foods
from the market. Interestingly, this effect is much larger than the
effect from increasing farm production diversity. The interaction
term between off-farm income and production diversity shows
mixed results. The negative coefficients in some of the models
imply that the availability of off-farm income reduces the role of
farm production diversity for household nutritional quality.
The result that market access improves dietary diversity is interesting, but a relevant question is whether this also leads to more
healthy diets. Depending on the type of food outlets available in a
particular context, buying food may possibly be associated with
rather unhealthy dietary diversification, for instance, through increased consumption of fats, sweets, or sugary beverages. To examine this further, we reestimated the models by using alternative
dietary diversity scores as dependent variables, only including
more healthy food groups (Materials and Methods). The finding
that better market access tends to increase dietary diversity also
holds with this alternative specification (Table S2).

Table 4. Production diversity, market participation, and dietary diversity in Ethiopia and Malawi (pooled sample)
Explanatory variables
Production diversity
Production diversity squared
Market distance
[Production diversity] × [market distance]
Produce sold to market
[Production diversity] × [produce sold]
Off-farm income
[Production diversity] × [off-farm income]
Malawi (dummy)
Model intercept
No. of observations

Dietary diversity score with
respect to all foods

Dietary diversity score with
respect to purchased foods

0.010*** (0.002)
6.2E-06 (1.1E-04)
−4.4E-04* (2.7E-04)
−2.6E-05 (2.2E-05)
0.045*** (0.016)
−0.005*** (0.002)
0.075*** (0.011)
−0.001 (0.001)
0.479*** (0.011)
1.613*** (0.016)
7,159

−0.013*** (0.003)
0.001*** (1.5E-04)
−0.002*** (4.7E-04)
−9.1E-05** (3.8E-05)
0.020 (0.021)
−0.007*** (0.002)
0.099*** (0.015)
0.001 (0.002)
0.572*** (0.017)
1.450*** (0.023)
7,159

For the calculation of the dietary diversity scores, 12 food groups were included. Models were estimated with a Poisson estimator.
Coefficient estimates are shown with robust SEs in parentheses. *, **, *** Statistically significant at the 10%, 5%, and 1% level,
respectively.
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nonfood cash crops (Materials and Methods). We reestimated the
different regression models with these alternative measures (Tables S5–S10). The findings are largely in line with those discussed
above. Hence, the results do not seem to be driven by the way
production diversity is measured. Interestingly, when only including food crops the effect of production diversity on dietary
diversity is even smaller and insignificant in most cases (Tables S8
and S9), whereas the negative effect on food diversity purchased
from the market gets stronger (Table S10). These results underline the importance of market interactions and strengthen the
statement that nonfood cash crop production can also contribute
to improved dietary quality through the income pathway.
Discussion
Increasing people’s dietary diversity is an important strategy to
improve nutrition and health. At aggregate level, this also requires
diversification of agricultural systems. A research and policy focus
on only a few cereal crops, as was sometimes observed during past
decades, may have been useful to address issues of calorie undersupply but seems less suitable to deal with problems of various
nutritional deficiencies. Whereas sustainably increasing the productivity of cereal crops remains a continuous challenge, agricultural research and policy efforts need to be broadened and also
include the promotion of plant and animal species that were
rather neglected in the past. Improved technologies and market
potentials for a broader set of agricultural species would increase
farmers’ incentives to adopt alternatives best suited to their conditions. The optimal mix will vary from one location to another.
More diverse agricultural systems are also good for biodiversity
and the environment.
However, this plea for more diverse agriculture should not be
misunderstood in a way that every individual farm should increase
the level of production diversity. Especially in smallholder systems
of Africa, the number of different species produced is often quite
high anyway. Resource-poor farmers diversify their sources of
food and income as a risk-coping strategy. Our analysis with data
from different African and Asian countries showed that farm
production diversity is positively associated with dietary diversity
in some situations, but not in all. The results also revealed that the
effect is not linear. When production diversity is already high, the
dietary diversity relationship is not significant, or it even turns
negative, because of foregone income resulting from farm diversification beyond optimal levels.
We also showed that smallholder access to agricultural markets
and off-farm employment have positive effects on household dietary diversity. These market effects are larger than those of increased production diversity in most cases. Comparisons show that
10660 | www.pnas.org/cgi/doi/10.1073/pnas.1510982112

more commercialized farms that produce cash crops for the
market have more diverse diets than subsistence farms on average.
Households with higher cash incomes tend to buy more diverse
foods from the market. This food diversity from the market cannot
be fully substituted through diverse subsistence production.
Whereas improved market access often provides incentives for
farmers to specialize, actual outcomes depend on many factors,
not all of which were analyzed here. Where properly functioning
markets for various commodities exist, commercial orientation of
farms and high levels of production diversity are not necessarily a
contradiction. More research is needed to better understand how
agriculture and food systems can be made more nutrition-sensitive
in particular situations. This also needs to take into account institutional and cultural aspects at the local level. Promoting production diversity may help in some situations, but our results
suggest that increasing on-farm diversity among smallholders is
not always the most effective way to improve dietary diversity and
should not be considered a goal in itself.
In conclusion, the common assumption that higher farm production diversity is always conducive to household nutrition needs
adjustment. The most suitable policy mix to improve nutrition in
smallholder farm households will vary from case to case. In many
situations, facilitating market access through improved infrastructure and other policies to reduce transaction costs and price
distortions seems to be more promising than promoting further
production diversification as such.
Materials and Methods
Data. The data used in this study are from cross-section surveys of farm
households in Indonesia, Kenya, Ethiopia, and Malawi. The surveys were
carried out for different purposes and by different research teams. The
surveys in Indonesia and Kenya were initiated and carried out by us. Cash
crop producers in specific regions were sampled, as is further described below. Prior to starting each interview, the procedures of data collection and
anonymity were explained, and respondents were asked for their verbal
informed consent to participate. Socioeconomic surveys that are not associated with any risk for participants do not require approval by an institutional review board at the University of Goettingen. The samples from
Indonesia and Kenya are not nationally representative. The surveys in Ethiopia
and Malawi were obtained from the World Bank’s Living Standards Measurement Study – Integrated Surveys on Agriculture (LSMS-ISA) (36). The
samples from Ethiopia and Malawi are nationally representative. In all four
country surveys, a wide array of household socioeconomic information was
captured, including details of agricultural production and food consumption
at the household level. All four surveys used a 7-d consumption recall for a
large number of food items, which we used to calculate measures of
dietary diversity.
The data from Indonesia include 674 observations from farm households in
the province of Jambi, Sumatra. The data were collected in 2012 through
multistage random sampling to capture the province’s regional diversity (37).
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Measurement of Production Diversity. In the main part of the analysis, we use
the number of crop and livestock species produced on a farm as the measure of
production diversity. This is a simple, unweighted count measure. In a set of
robustness checks, we use two alternative measures to examine whether this
influences the results significantly. First, we use the Margalef species richness
index. The Margalef index is often used in the agrobiodiversity literature and
accounts for the area cultivated with different crop species on the farm (40, 41).
Second, we use a simple, unweighted count of only the food crop species
produced on a farm (food crop production diversity). Because some of the
farms also produce nonfood cash crops (e.g., rubber, oil palm, tea, and coffee)
that do not directly contribute to household dietary diversity, this differentiation

1. Godfray HCJ, et al. (2010) Food security: The challenge of feeding 9 billion people.
Science 327(5967):812–818.
2. Dubé L, Pingali P, Webb P (2012) Paths of convergence for agriculture, health, and
wealth. Proc Natl Acad Sci USA 109(31):12294–12301.
3. IFPRI (2014) Global Nutrition Report 2014: Actions and Accountability to Accelerate
the World’s Progress on Nutrition (International Food Policy Research Institute,
Washington, DC).
4. FAO, IFAD, WFP (2015) The State of Food Insecurity in the World 2015 (Food and
Agriculture Organization of the United Nations, Rome).
5. Lim SS, et al. (2012) A comparative risk assessment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990-2010: A systematic
analysis for the Global Burden of Disease Study 2010. Lancet 380(9859):2224–2260.
6. Kant AK, Schatzkin A, Harris TB, Ziegler RG, Block G (1993) Dietary diversity and
subsequent mortality in the First National Health and Nutrition Examination Survey
epidemiologic follow-up study. Am J Clin Nutr 57(3):434–440.
7. Ruel MT (2003) Operationalizing dietary diversity: A review of measurement issues
and research priorities. J Nutr 133(11, Suppl 2):3911S–3926S.
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Regression Models. To analyze the relationship between on-farm production
diversity and dietary diversity we use regression models of the following
form:
DDi = α0 + α1 PDi + α2 PD2i + «i ,

[1]

where DDi is the dietary diversity score and PDi is production diversity in
farm household i. A positive and significant estimate for α1 implies that
higher production diversity is associated with higher dietary diversity, as is
commonly assumed. Inclusion of PD2i as the square term of production diversity tests whether the relationship is linear. A negative and significant
estimate for α2 implies that the strength of the association is diminishing at
higher levels of production diversity. «i is a random error term.
DDi is a count variable that can take values between 1 and 12 (or between
1 and 9 when only including the more healthy food groups) and is not
normally distributed. We use a Poisson estimator with a maximum-likelihood procedure for model estimation (42). With the Poisson distribution, the
coefficient estimates can be interpreted as semielasticities. That is, a coefficient estimate states by what percentage the dietary diversity score
changes when the explanatory variable changes by one unit.
In extended model specifications, we add additional explanatory variables
to analyze the role of market access for dietary diversity as follows:
DDi = α0 + α1 PDi + α2 PD2i + α3 MAi + α4 ðPDi × MAi Þ + «i ,

[2]

where MAi is a vector or market access indicators such as distance to the
closest market and the availability of off-farm income sources for household
i. Market distance refers to the number of kilometers farmers have to cover
to reach the next marketplace to sell their produce. This is usually the next
town where they can also buy food and other goods. We use the distance as
reported by survey respondents. Data on travel time or road quality were
not consistently available across the surveys. Off-farm income is measured
with a dummy variable that takes a value of one if the household has any
income from off-farm employment or self-employed nonfarm activities.
Market access tends to improve household income, so α3 is expected to be
positive (negative for market distance, because larger distance means worse
market access). With the interaction term between PDi and MAi we test
whether market access influences the effect of production diversity on
household dietary diversity. Increasing market transactions are expected to
reduce the role of production diversity. As a robustness check, we extend the
model in Eq. 2 by including additional variables that may affect dietary diversity, such as farm and household size, as well as age, education, and
gender of the household head.
The regression models are estimated separately for each country and also
with the data pooled for all four countries. In the pooled data models, we
include dummy variables to control for country fixed effects, such as unobserved socioeconomic or cultural differences. The data within and across
countries cover a wide spectrum of conditions; all models are estimated with
robust SEs to account for heteroscedasticity (42).
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