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Abstract 

Background  An estimated 140 million people in Africa face acute malnutrition. By impacting agricultural production, 
climate change is likely to further decrease food consumption, particularly in sub-Saharan African states. Against this 
backdrop, various actors have called for more attention to alternative farming and food systems based on traditional 
agricultural knowledge capable of ensuring access to sufficient, nutritious, and safe food. So far, however, we have 
limited systematic evidence on which traditional agricultural practices may promote the food resilience of house-
holds exposed to extreme climatic conditions. Focusing on the most prevalent traditional diversification practices 
in Tanzania, this study assesses the extent to which crop diversification, annual crop intercropping, crop-tree inter-
cropping, crop-livestock integration, and the cultivation of traditional crops increase the food availability and dietary 
diversity of smallholders facing extreme weather events in Tanzania.

Methods  We combine temperature and rain data with information on farming practices and food consumption 
information provided by the Living Standards Measurement Study–Integrated Surveys on Agriculture for more 
than 25,000 Tanzanian households nationwide. We rely on a matched differences-in-differences approach to account 
for selection bias and allow for causal inference.

Results  Our matching models consistently show that the planting of traditional crops (in particular sorghum) 
promotes dietary diversity and reduces the need for food rationing in households experiencing climate shocks. In 
contrast, households relying on maize cultivation show less dietary diversity and increased food rationing behavior. In 
addition, we find that—under extreme weather conditions—crop diversification furthers households’ dietary diversity, 
and crop-livestock integration, as well as crop-tree intercropping, seem to reduce households’ need to ration food.

Conclusion and policy recommendation  This study has important implications for policymakers. In light of cli-
mate change and weather variability, it underscores the need to better integrate indigenous knowledge into farming 
systems. Our results call for greater dissemination of traditional diversification strategies and more reliance on indig-
enous, drought-tolerant crops. Traditional farming practices can function as a safety net, protecting smallholders 
in Tanzania against the detrimental consequences of weather shocks.
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Introduction
According to the 2022 Global Report on Food Crises 
[1], at least one in five people in Africa goes to bed hun-
gry and an estimated 140 million people face acute food 
insecurity. Climate change is expected to exacerbate this 
effect, ultimately leading to a significant decline in crop 
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yields (e.g., [2–4]). For example, the Intergovernmental 
Panel on Climate Change (IPCC) [5] predicts a decline in 
20–40% of maize yields and a 20–60% reduction in wheat 
yields in certain African regions, pushing the vast num-
ber of already poor people deeper into poverty [6].

In light of the pessimistic climate-related predictions 
regarding crop yields, a growing world population, and 
the pressing need for climate change mitigation and 
adaptation, scholars and policymakers have increasingly 
debated different strategies for transforming agricultural 
systems and food production to promote climate resil-
ience [7]. One dominant discourse within this debate 
argues for increased mechanization, technological inno-
vations, monocultures of high-yield crops, and agro-
chemical inputs to secure food production and access 
(e.g., [8, 9]). However, various studies have increasingly 
questioned this productivist viewpoint (e.g., [10–12]). 
They have argued that the pursued land-use intensifica-
tion is rarely associated with positive ecosystem services 
and a reduction in malnutrition [13–15].

As a result, calls for more attention to local traditional 
practices and better integration of indigenous knowledge 
into food systems have mounted over the last years ([7, 
16]). Several positive features of traditional agricultural 
systems have been underlined, including biodiversity 
conservation, low energy inputs and implementation 
costs, enhanced food consumption, and climate change 
mitigation [17, 18]. Different articles in Agriculture & 
Food Security have, for example, analyzed the role of crop 
diversification—a widely employed traditional farming 
technique—in promoting food security [19, 20]. Con-
trasting different perspectives on how to reshape agricul-
tural systems, Singh and Singh [7

While a mounting number of studies have shown how 
the integration of traditional agricultural practices may 
positively affect different food-related outcomes (e.g., 
[21–23]), the literature has rarely assessed the effec-
tiveness of these practices on the food consumption of 
households exposed to extreme weather events. So far, 
we have no systematic evidence on how different tradi-
tional agricultural practices affect the food resilience1 of 
households facing climate shocks based on quasi-experi-
mental research designs.

To address this gap in the literature, this study ana-
lyzes the impact of different traditional agricultural 
practices on the food consumption (food diversity and 
food rationing behavior) of smallholders facing extreme 
weather shocks in Tanzania. We thereby concentrate on 

traditional practices that promote diversity, are highly 
prevalent among farmers in Tanzania, and have been 
sufficiently covered by the survey data employed in our 
analysis. Matching Tanzanian households on a series of 
essential covariates based on the Living Standard Meas-
urement Survey–Integrated Surveys on Agriculture 
(LSMS–ISA), we assess the extent to which the imple-
mentation of crop diversification, intercropping, crop-
tree diversification, and crop-livestock integration may 
attenuate the detrimental effect of weather variability. In 
addition, we assess the impact of cultivating the widely 
planted traditional crops sorghum and cassava on farm-
ers’ food resilience.

Empirically, our statistical models consistently show 
that the cultivation of traditional crops (in particular sor-
ghum) promotes dietary diversity and reduces the need 
for food rationing in households experiencing climate 
shocks. The planting of the cash crop maize, in contrast, 
has the opposite effect. In addition, we find that—under 
extreme weather conditions—crop diversification is an 
effective strategy to ensure households’ dietary diversity. 
Crop-livestock integration and crop-tree intercropping 
seem to reduce households’ need to ration food when 
they face climatic shocks.

This study contributes to the literature on the adapta-
tive capacity of farming systems in three important ways. 
First, although some studies have linked particular tra-
ditional agricultural practices to food security, they have 
limited external validity (e.g., [24]). To overcome this, we 
rely on panel survey data covering the whole of Tanzania. 
We use a quasi-experimental design combining a match-
ing procedure with a difference-in-difference design. 
As a result, we do not only attempt to increase external 
validity but also are able to make causal inferences. Sec-
ond, previous studies on the determinants and effects of 
implementing particular traditional agricultural practices 
have primarily focused on examining one isolated prac-
tice, such as crop diversification or agroforestry (e.g., [19, 
25]). In doing so, they have largely ignored the fact that 
households can implement several practices at the same 
time. As a result, we have little knowledge of which spe-
cific diversification practice might be most effective when 
it comes to increasing food consumption among farmers 
exposed to extreme weather events. Finally, our work is 
among the first to effectively test the impact of various 
traditional practices on food outcomes in light of climate 
shocks.

This study proceeds as follows: in the literature over-
view, we discuss existing research on the link between 
weather variability and traditional farming practices. 
Thereafter, we discuss how these practices may be caus-
ally linked to food outcomes. Our case selection, data, 
and method are presented in the subsequent section, 

1  When referring to food resilience, we follow the definition advanced by 
FAO [107] stating that food resilience can be viewed as the ability of house-
holds to ensure the intake of sufficient and nutritious food during times of 
shocks, stresses, and crises (such as extreme weather events).
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followed by the analysis and discussion of the results. 
This study concludes by highlighting potential policy 
implications and providing some recommendations for 
future research.

Traditional agricultural practices and food 
consumption
Tackling food insecurity is one of the most significant 
challenges of our time [26]. Climate change is an essen-
tial factor influencing food availability (e.g., [5]). Climate 
assessments for Africa conclude that the continent will 
become warmer and drier [5], and increasingly vari-
able rainfall is anticipated, especially in the east [27]. In 
addition, an increase in extreme weather events (both 
droughts and floods) is forecasted [28]. By directly 
impacting agricultural yields, these weather changes 
hamper the access to nutritious food of large popula-
tions in the Global South (e.g., [29]). The fact that many 
African countries are heavily dependent on rain-fed 
agriculture and are characterized by high poverty lev-
els and limited state capacity further exacerbates the 
adverse effects of climate change on food security [30, 
31]. In light of the expected detrimental effects of climate 
change-induced weather variability on food accessibil-
ity, it is no surprise that scholars and policymakers are 
increasingly investigating the adaptive capacity of farm-
ing systems [17].

Scholars have stressed the potential role of traditional 
agricultural practices in ensuring access to food in light 
of increasing weather variability ([7, 16]). Traditional 
farming practices are based on indigenous knowledge 
and shaped by the local socio-ecological and cultural 
context. Employed by a large share of the world’s farm-
ing population, particularly in Africa, these practices 
are often viewed as sustainable systems that are in equi-
librium with surrounding ecosystems [32]. Examples of 
traditional farming practices include multi-cropping, 
intercropping, the use of organic fertilizers and tradi-
tional crops, agroforestry, terracing, crop rotation, and 
crop-livestock integration [33]. Traditional farming sys-
tems can provide important ecosystem services by, for 
example, ensuring soil health, conserving water, reducing 
chemical inputs, and promoting biodiversity. Adopting 
traditional agricultural practices, in fact, may offer solu-
tions to securing access to sufficient, nutritious, and safe 
food in environments of high climate risk (e.g., [13, 16]).

In this study, we decided to focus on traditional prac-
tices that promote diversity, are widely employed in 
Tanzania, and are sufficiently covered by the employed 
LSMS–ISA survey data. In particular, we test the effect 
of four commonly used traditional diversification strat-
egies: crop diversification, annual crop intercropping, 
crop-tree intercropping, and crop-livestock integration. 

We additionally assess the impact of widely cultivated 
indigenous crops on the food consumption of households 
experiencing weather shocks.2

Crop diversification is the practice of cultivating more 
than one variety of crops belonging to the same or differ-
ent species in a given area (e.g., [34, 35]). A specific form 
of promoting crop diversity is intercropping, the simul-
taneous cultivation of multiple crops on the same field 
[36]. Both crop diversification as well as intercropping 
practices are likely to stabilize crop yields. They provide 
insurance, or a buffer, against environmental fluctuations, 
because different species and varieties occupy different 
niches and respond differently to environmental change. 
If one species fails, another can play its role, leading to 
more stable and predictable crop yields [37, 38]. Due to 
different harvesting times of the grown crops, diversifica-
tion and intercropping may also increase the availability 
of home-produced food over the year. Moreover, both 
techniques considerably enrich the soil with nitrogen 
[36] and may reduce the risks of diseases and pests (e.g., 
[38, 39]).

These two practices have often been linked to differ-
ent food-related outcomes. For instance, Kerr et al. [40] 
stress that intercropping is positively associated with 
household food and nutritional security in low- and mid-
dle-income countries. This mirrors findings showing that 
crop diversification is an important strategy for building 
resilience in food systems as it increases crop yields [37]. 
In a decade-long monitoring study, Li et al. [41] showed 
that maize–legume intercropping systems, on aver-
age, outperformed monocultures by 22% in grain yield. 
Crop diversification and intercropping are also linked to 
other food-related outcomes. In a study on Malawi, for 
instance, households that cultivate a diverse range of 
crops were more likely to have greater dietary diversity 
[42], eat more vitamin-rich foods [43], and reduce the 
level of worry about food adequacy and the number of 
nights one has to go to bed hungry [19]. Similar results 
were found in Tanzania, in which crop diversity was 
found to positively influence household dietary diversity 
[44] or in Ethiopia and Ghana, where crop diversifica-
tion among rural households positively and significantly 
affected household food security [20, 45].

Another potentially important traditional agricultural 
practice is that of crop-tree intercropping, i.e., the mixed 
cultivation of woody perennials and annual crops in the 
same field [46]. This practice does not only produce a 
large number of food and non-food products, including 
fruits, oils, timber, latex, biomass for energy production, 

2  We will further elaborate on the choice of our tested practices and crops 
in the upcoming section.
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and medicines that can treat diseases, but it can also con-
tribute to the provision of important ecosystem services 
by, for example, replenishing underground water, captur-
ing and storing carbon from the atmosphere, improving 
soil fertility, creating microclimates with lower mean air 
temperatures, and promoting biodiversity (e.g., [24]).

In comparison with the agricultural practice of crop 
diversification and intercropping, relatively few stud-
ies have been conducted on how crop-tree diversifica-
tion influences food-related outcomes. Some important 
exceptions are worth mentioning. Thorlakson and Ney-
feldt [47] stress that this practice improves farm produc-
tivity and household wealth. Kenyan farmers planting 
trees among their crops noticed improved farm produc-
tivity by decreasing soil erosion and increasing soil fer-
tility. Similar results were found in Rwanda, where Ndoli 
et al. [48] showed that tree density increased food secu-
rity, especially among smallholders with relatively large 
farms. In addition, Kristjanson et  al. [49] find a robust 
positive relationship between the adoption of agro-
forestry farming in Ethiopia, Kenya, Uganda, and the 
United Republic of Tanzania and food security. However, 
whether adoption had induced more food security or 
vice-versa was not determined. Coulibaly et al. [50] con-
firmed this result for Malawi.

Another traditional agricultural practice that empha-
sizes diversification is crop-livestock integration, i.e., 
the management of crops and livestock on a single farm 
[51]. A significant advantage of this practice is that crop 
residues can be used as fodder for livestock, while live-
stock can improve soil fertility ([52]. Several studies have 
noted a positive effect of crop-livestock diversification on 
different food-related outcomes. For example, Sekaran 
et al. [51] show that adopting this practice can enhance 
household dietary diversification the available protein 
and energy in a household’s diet. In addition, Danso-
Abbeam et  al. [53] demonstrates that a higher intensity 
of crop-livestock diversification translates into a greater 
probability of achieving food security among Ghanese 
households. This mirrors results focusing on Ethiopia, 
showing that crop-livestock diversification significantly 
influences food energy levels [54].

Besides stressing the implementation of traditional 
agricultural practices, scholars have recently begun to 
emphasize the importance of planting more drought-
resistance traditional crops rather than cash crops as a 
way of mitigating the potential adverse effects of climate 
change and its related weather variability. A precise defi-
nition of traditional crops is elusive as it encompasses 
leafy and root vegetables, leaves from trees, herbaceous 
species, and fruits [55]. In general, we consider a tradi-
tional crop as an indigenous species native to a specific 
region that, due to prolonged use, has naturalized and 

become part of the culture of a community [56]. In most 
countries, the production of these traditional crops has 
declined over the years due to a lack of planting materi-
als, low interest by seed companies, and changes in eating 
habits. Yet, these crops are usually more affordable and 
are richer in macro and micronutrients [56]. In addition, 
it is argued that they are better able to withstand pests 
and diseases and are more tolerant to drought, heat, and 
low-fertility soils ([57, 58]). Although traditional crops 
are linked to these favorable properties, little research 
has been conducted on whether these crops influence 
food availability. A few exceptions are worth noting. Van 
der Merwe et  al. [55] show that traditional food crops, 
such as sorghum, sweet potatoes, and amaranth, have 
the greatest potential to decrease food insecurity. Lulekal 
et al. [59] underline that households often use traditional 
plants in Ethiopia as supplementary, seasonal, or survival 
food sources that play an important role in combatting 
food insecurity. This is also confirmed in Tanzania, where 
John [60] highlights the significance of indigenous and 
exotic crops for various food security measures.

Contribution to the literature
Although the studies reviewed above have significantly 
advanced our understanding of how traditional practices 
may influence food-related outcomes, we can identify 
several gaps in the literature that we attempt to overcome 
in this study. First and foremost, the above-reviewed 
studies do not take weather variability into account. That 
is, we do not know the extent to which certain traditional 
agricultural practices foster the food resilience of farmers 
facing extreme weather events. In other words, can tradi-
tional practices provide effective climate adaptive capac-
ity by promoting the food security of households facing 
extreme weather events?

Second, the literature has primarily focused on particu-
lar regions of a given country and has mainly relied on 
interviews and surveys, leading to calls for implementing 
randomized controlled trials and more rigorous quasi‐
experimental impact evaluations of agricultural prac-
tices by some scholars (e.g., [24]). Only a few studies have 
employed quasi-experimental research designs to assess 
a potential causal link between these practices and food-
related outcomes. Azzarri et  al. [61], for example, show 
with the help of a mediation analysis that intercropping 
promotes households’ nutritional diversity in Malawi by 
increasing agricultural output. In addition, Kangmen-
naang et al. [21] use a difference-in-difference approach 
to demonstrate that participation in an agroecological 
development project positively impacts food security in 
Malawi. Employing panel data and fixed effects models, 
Mofya-Mukuka and Hichaambwa [62] also report that 
crop diversification had a significant positive impact 
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on the food availability and consumption of rural farm 
households in Zambia. Santoso et  al. [63] show via a 
cluster-randomized trial that an agroecology interven-
tion improves children’s dietary diversity and reduces 
household food insecurity in rural Tanzania. In line with 
these researchers, we assess the link between traditional 
agricultural practices, food consumption, and weather 
variability with sophisticated quasi-experimental meth-
ods. That is, we combine coarsened exact matching with 
a differences-in-differences estimation as proposed by 
Bertoni et al. [64]. This allows us to control for potential 
selection bias and time-invariant unobservable factors, 
providing a more solid causal identification strategy and 
higher external validity.

Finally, most of the above-reviewed studies focus on 
examining the effect of one traditional agricultural prac-
tice on different food security measures. However, in 
doing so, they have neglected the fact that many farm-
ers employ several traditional methods at the same time. 
To overcome this, we examine all four traditional meth-
ods and the effectiveness of cultivating traditional crops, 
allowing us to shed more light on which traditional prac-
tices may enhance the climate resilience of smallholders 
in Tanzania compared to others.

Methods
Study area
To assess the impact of traditional farming practices 
on the food consumption of households facing extreme 
weather events, we focus on the adaptive capabilities of 
households across Tanzania. Tanzania is seen as a coun-
try that is especially at risk of experiencing the negative 
effects of climate change [65]. Climate projections fore-
see a marked increase in temperature, rainfall, floods, 
and droughts in various Tanzanian regions within the 
next few decades [66]. At the same time, it is predicted 
that the Tanzanian population is likely to grow consider-
ably, while hunger and poverty will remain high or rise 
[65, 67].

Tanzania’s agricultural sector contributes to nearly 
one-third of the country’s gross domestic product and 
employs 75 percent of the population [68]. Smallholder 
farmers are the backbone of the Tanzanian agricultural 
sector, they produce nearly 69 percent of the country’s 
food, but only roughly half produce enough to sell [69, 
70]. The average farm size for small-scale farmers ranges 
between 0.9 and 3 ha. Around 62% of land preparation on 
cultivated land relies entirely on manual labor with hand-
tool technology [71

Traditional agricultural practices under consideration
According to case studies, the traditional diversifica-
tion strategies that are most commonly applied by rural 

households in Tanzania include intercropping, crop 
diversification, crop rotation, improved seed variety, and 
crop-livestock integration [23, 72, 73]. Information on 
most of these practices is also sufficiently covered by the 
LSMS surveys. We have enough observations to test the 
effect of the following four practices: crop diversification, 
crop-livestock integration, annual crop intercropping, 
and crop-tree intercropping. In addition to testing how 
the practices mentioned above may enhance food resil-
ience in households exposed to climate shocks, we also 
investigate the effectiveness of traditional crops believed 
to be more drought-resistant. In Tanzania, households 
mainly rely on the drought-relevant crops cassava and 
sorghum and—to a minor extent—finger millet and Bam-
bara groundnut [60]. As shown in Fig. 2, cassava and sor-
ghum are indeed the most prevalent drought-resistant 
crops in our sample. We compare the effect of both crops 
with the widely planted cash crop maize.

Data
To address our research question, we relied on panel data 
from the LSMS–ISA for Tanzania, conducted in 2010 
and 2012, two survey rounds with an identical sample 
(the same individuals were surveyed in both years). These 
are representative surveys undertaken by the World Bank 
focusing on improving microdata quality to better inform 
development policies. The data contains information on 
the farm, village, and district levels. At the farm level, the 
LSMS–ISA includes information on agricultural produc-
tion, inputs, number and size of plots, land ownership 
status, non-farm income-generating activities, consump-
tion expenditures, and other critical socioeconomic 
characteristics. In addition, the surveys cover detailed 
plot information, including agricultural practices, type 
of employed labor, use of various inputs such as fertiliz-
ers and pesticides, employment of machinery and equip-
ment, and irrigation system, among others. Our unit of 
analysis was households. Figure 2 depicts the distribution 
of our included households across Tanzania. As the fig-
ure shows, many of our included households were based 
in the North-Western regions, Dar es Salam, or in the 
southeast of the country, reflecting the population den-
sity of Tanzania.

We specifically rely on the survey waves from 2010 
and 2012 for two reasons. First, in 2011, a major drought 
affected all East African countries, including Tanza-
nia, where nearly half a million people were affected 
[74, 75]. In 2011, parts of the country experienced near-
complete failure of the long rainy season [76]. We use 
this severe weather shock to analyze what agricultural 
practices make households more resilient against such 
extreme events. Second, the proximity of the two waves, 
collected merely 2 years apart with the drought occurring 
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between the waves, presents a notable advantage for our 
research design. The temporal closeness mitigates the 
risk of confounding variables and unobserved heteroge-
neity that might emerge with greater time lapses between 
sampling points, strengthening our confidence in the 
presented findings.3

Measuring food consumption
Measuring food-related outcomes is challenging, and 
many scholars have criticized existing measurements. 
For example, Barrett [77] argues that past studies have 
overly relied on dietary energy availability when opera-
tionalizing the concept. Others have focused their criti-
cism on the multidimensional concept of food security 
(e.g., [78, 79]). Wheeler and Von Braun [26] criticize 
existing food security measurements as they have largely 
ignored dimensions such as access and utilization of food 
products.

In this study, we focus on two elements of food con-
sumption, mirroring existing research (e.g., [78]): food 
(dietary) diversity and food rationing behavior. First, die-
tary diversity measurement is one of the most straight-
forward tools to assess the variety of food consumed at 
the population level and is endorsed by many interna-
tional agencies [80]. It is a qualitative measure of food 
consumption that reflects household access to a variety 
of foods and is also a proxy for the nutrient adequacy 
of individuals’ diets [80]. It captures the number of food 
groups consumed in the past 7 days and is considered an 
acceptable proxy for food consumption ([78, 81]). Impor-
tant to note is that there is no consensus on the number 
of food groups used in the index [78]. In this study, we 
construct an additive index indicating the number of 
days members of the households consumed the follow-
ing food groups over the past 1 week: nuts and pulses (1), 
vegetables (2), meat, fish and animal products (3), fruits 
(4), milk/milk products (5). We decided to exclude the 
categories cereals and roots from our index as—in our 
data—these are dominated by white flour products with 
relatively low nutritious value. The dietary diversity score 
(DDS) is calculated by summing up the number of days 
the household consumed each of these five food groups 
during the past 7 days. The value ranges from 0 to 35, in 

which the lowest DDS value signifies higher food insecu-
rity status and vice versa.

Second, we also use an indicator directly related to 
measuring food  rationing behavior, the so-called Coping 
Strategy Index (CSI). This measure considers the severity 
of the strategies that households use to cope with defi-
cits in their food consumption. It estimates the cumula-
tive frequency of eight potential food reduction strategies 
over 7  days within each household.4 The frequency of 
each behavior is weighted by its severity [78]. This vari-
able ranges from 0 to 98, with lower values indicating less 
rationing and, therefore, lower food insecurity status and 
vice versa.

Measuring extreme weather events
We relied on the widely used Standardized Precipita-
tion Evapotranspiration Index (SPEI), first proposed by 
Vicente-Serrano et al. [82], to measure extreme weather 
events. They computed local deviations from the average 
water balance, i.e., precipitation levels minus potential 
evapotranspiration, at a 0.5 × 0.5 degree resolution. As 
a result, the SPEI index incorporates both deviations in 
temperature and precipitation. Consequently, the index 
can better track dry or wet conditions than previously 
employed indices, such as the Standardised Precipitation 
Index or Palmer Drought Severity Index (e.g., [83]).

More specifically, our indicator measured whether a 
Tanzanian household resided in a geographical area char-
acterized by severe or extreme dryness (SPEI below − 1.5) 
at least once during Tanzania’s growing season (January 
to June) of 2011. We especially looked at shocks during 
the growing season since previous studies (e.g., [84, 85]) 
have stressed that weather shocks are particularly likely 
to increase households’ vulnerability during this period. 
Figure 1 shows the location of Tanzanian households and 
the incidences of dryness during the growing season in 
Tanzania in 2011.

Measuring traditional agricultural practices
Our treatment variables are measures of different tradi-
tional practices taken from the 2010 LSMS–ISA survey 
round. First, we measured crop diversity by creating a 

4  In particular, we relied on the following LSMS-ISA items: “In the past 
7 days, how many days have you or someone in your household had to: Rely 
on less preferred food? Limit the variety of foods eaten? Limit portion size 
at meal-time? Reduce the number of meals eaten in a day? Restrict con-
sumption by adults for small children to eat? Borrow food, or rely on help 
from a friend or relative? Have no food of any kind in your household? Go 
a whole day and night without eating anything?” We equally weighed all 
forms of rationing (limiting the frequency and amount of food consumed, 
such as skipping meals or eating the same meal portions every day) except 
for the cases where the household went “[…] a whole day and night with-
out eating anything”, which was counted as weighing as much as all forms of 
rationing combined.

3  Although both employed survey rounds were conducted a longer time 
ago (2010 and 2012), we decided to rely on this older data for several good 
reasons. First, Tanzania experienced a major drought in the year 2011, right 
in between both waves. Second, in contrast to the remaining rounds con-
ducted in Tanzania, there are only 1,5 years separating both waves, enabling 
us to test the more immediate effect of an extreme weather event on food 
consumption. Finally, both rounds cover exactly the same households. We 
cannot think of any plausible reason why the analyzed agricultural diversi-
fication strategies and the type of grown crops would have a different effect 
on the food consumption of Tanzanian households facing weather shocks 
today compared to 12 years ago.
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dichotomous variable, taking the value 1 if the quo-
tient of the total number of grown crops divided by 
the total number of plots reported by the household is 
equal to or greater than 3 (and 0 otherwise). Note that 
this measure indicates whether a household grows more 
than two crops. However, these crops did not need to 
be intercropped. For measuring intercropping, we cre-
ated a dichotomous variable indicating whether, across 
all households’ plots, at least two-thirds of the harvested 
annual crop types were intercropped (coded as 1 and 0 
otherwise). To measure crop-tree intercropping, we cre-
ated a dichotomous variable measuring whether half or 
most households’ plots have intercropped annual crops 
with fruit trees or other perennial crops, including nut 
trees, coffee, cocoa, and oil palm (coded as 1 and 0 other-
wise). The variable crop-livestock integration is a dichoto-
mous variable indicating whether households combined 
the cultivation of crops with livestock (small ruminants, 
poultry, goats, pigs, or cattle). This variable equals 1 if a 
household cultivated at least one annual crop and pos-
sessed livestock and 0 otherwise. Finally, we also explore 
the effect of cultivating the traditional crops sorghum and 

cassava, as well as the widely cultivated cash crop maize. 
We created a dichotomous variable for each crop, indi-
cating if a household cultivated any of these three crops. 
We also considered exploring the effect of growing the 
drought-tolerant Bambara groundnut and finger mil-
let. These two cultures, however, were not widespread 
enough in Tanzania to warrant sufficient statistical power 
in our quantitative empirical investigation. The preva-
lence of the considered agroecological practices in our 
sample is depicted in Fig. 2.

As can be observed, cultivating maize is by far the most 
common agricultural practice, while cultivating Bambara 
groundnut and finger millet is significantly less common. 
Intercropping was relatively widespread in our sample, 
with more than 60% of households employing it. Around 
one-third of households employed crop-tree intercrop-
ping and crop diversification, respectively. Crop-livestock 
integration was used by 13% of households. Our rather 
conservative operationalization can explain the low prev-
alence of crop diversification in our sample. We divided 
the total number of crop types by the total number of 
plots held by each household. In our analysis, a household 

Fig. 1  Tanzanian respondents and droughts. The figure displays the drought conditions during the growing season in Tanzania in 2011, 
along with the location of the households in the survey. Darker colors represent worse environmental conditions. Black dots represent the location 
of the surveyed households
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implemented crop diversification when it grew at least 
three crops in each plot. More detailed information can 
be found in Table A1 in the Appendix.

Empirical strategy
We estimated the treatment effect of households adopt-
ing traditional agricultural practices on food diversifica-
tion and food rationing behavior and compared it with a 
control group. In doing so, we had to consider that imple-
menting these practices was not random. That is, other 
household characteristics likely influenced the probabil-
ity of households implementing a particular agricultural 
practice. To address this potential selection bias and to 
create a proper counterfactual scenario, we employed 
coarsened exact matching (CEM) [64]. More specifi-
cally, we matched households with similar characteristics 
based on a set of confounding factors, which not only 
influence food consumption but also the likelihood of 
adopting a particular agricultural practice.

CEM often provides a better reduction of any imbal-
ance in the covariates than other matching procedures 
by allowing a choice of the balance between the treated 
and control groups ex-ante (rather than obtaining it ex-
post) [64, 86]. Other matching techniques (including 
nearest neighbor matching, radius matching, and kernel 
matching) often violate the exact matching requirement 
by stratifying the sample ex-post on the initial covariate 

space (or based on the propensity score) [87]. Moreo-
ver, studies show that CEM produces better results than 
other matching procedures when the number of con-
founders is not very high (lower than 10), and most con-
founders are continuous variables [88]. Consequently, 
CEM addresses adverse selection more efficiently than 
other matching techniques.

Key findings from the literature and data availability 
determined the choice of the confounding factors that we 
employed for matching. More specifically, we matched 
households on six critical socio-economic and institu-
tional characteristics from the 2010 LSMS–ISA survey 
round. These six characteristics are crucial determinants 
of African rural household food consumption [89]. At the 
same time, they may have influenced households’ willing-
ness and capabilities to implement traditional agricul-
tural practices. First, the level of education (based on the 
highest educational level within a household) is a crucial 
factor for farm production and food access and utiliza-
tion [89]. It is not only linked to employment opportu-
nities and thereby improved access to food, but it also 
influences the capability of adopting particular agricul-
tural practices. Second, off-farm employment (the per-
centage of household members that did any wage work 
other than agriculture or that were self-employed in any 
business other than agriculture during the last 12 months 
before the interview) is also an essential factor as it 

Fig. 2  Prevalence of agricultural practices. The figure displays the prevalence of agricultural practices in our sample. A value of 1 indicates that all 
surveyed households implemented a given practice during the 2010 survey
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significantly influences a household’s income, thereby 
directly impacting its food accessibility and utilization 
[90]. Third, we also control for the total number of house-
hold members under 11  years of age. The number of 
young children is an important factor affecting a house-
hold’s food availability, consumption, and utilization. It 
not only reduces food consumption but may also affect 
the adoption of particular agricultural practices (e.g., [89, 
91]). Fourth, we used a household’s subjective measure of 
well-being as a proxy for wealth. Wealth and well-being 
are directly linked to food availability and may also be 
associated with adopting certain agricultural practices 
(e.g., [23, 89]). Fifth, we included a measure of tenure 
security (percentage of plots with ownership status equal 
to “owned”) as greater tenure security has been found 
to positively affect the adoption of sustainable agricul-
tural practices and food security [92]. Finally, to account 
for a local measure of state capacity, we included a vari-
able indicating whether a household has access to piped 
water. Household access to (piped) water can be viewed 
as a proxy of state’s capacity to facilitate services. State 
services, in turn, can influence the realization of agricul-
tural practices and food consumption [91, 93]. Table A1 
in the Appendix shows the descriptive statistics for all 
these socio-economic and institutional characteristics.

To estimate the effect of traditional farming practices 
on the food consumption of households facing climate 
shocks, we applied a matched difference-in-difference 
(DiD) estimator (e.g., [64, 94, 95]). This estimator allowed 
us to compare variations in food consumption between 
the treated (households that implemented a particular 
agricultural practice) and the selected controls (coun-
terfactual households that did not enforce any of these 
practices) in a pre-treatment and post-treatment period. 
By introducing a time dimension, the DiD estimator 
can control for further unobserved time-invariant fac-
tors that we could not match. Our matching procedure, 
in turn, made the parallel trends assumption of the DiD 
design considerably more likely to hold.

Figure 3 displays an example of our empirical strategy 
focusing on crop-tree intercropping as the treatment. In 
the first step, we restricted our sample to the number of 
households that faced droughts during the growing sea-
son (January to June) of the year 2011. We classified these 
households into treatment or control groups depending 
on whether they implemented the described traditional 
agricultural practices (crop diversification, annual crop 
intercropping, crop-tree intercropping, or crop-livestock 
integration) in 2010. We only kept households for which 
no values were missing on the confounding factors.

After that, we performed the CEM procedure based 
on the selected control variables. More precisely, we 
defined the strata we used to coarsen the covariates. We 

categorized the level of education into five groups: no 
formal education, unfinished primary education, finished 
primary but did not start secondary education, started 
secondary education, and started university-level educa-
tion. Around 75% of the included Tanzanian households 
had no household member employed outside the farm. 
Hence, we divided this variable into two bins: households 
without any off-farm employment and households with 
at least one person engaged in off-farm employment. 
We distinguished three groups concerning the num-
ber of children within a household: no children, one to 
three, and four or more children. We also distinguished 
three groups with regard to subjective well-being: ‘very 
rich’ and ‘rich’ were grouped in one stratum, ‘comfort-
able’ and ‘can manage to get by’ were grouped in another 
stratum, and ‘never have quite enough’ and ‘poor’ were 
grouped in the last stratum. To classify access to piped 
water, we relied on a binary grouping where one stratum 
was formed by households that had access to any private 
or public standpipe, and all other households formed the 
other stratum. Finally, tenure security (the percentage 
of plots owned by the household) was heavily skewed, 
where most households owned all the plots they culti-
vated. Consequently, we binned this variable into two 
groups, depending on whether a household owns all its 
plots. Table 1 shows the strata thresholds.

We followed Bertoni et  al. [64] to assess the aver-
age treatment effects. We ran weighted linear regres-
sions using the difference between 2010 and 2012 of 
our food rationing and dietary diversity indicators as 
dependent variables. Intuitively, this subtracted the dif-
ference in households’ food consumption for the period 
2012–2010 of the control group from the difference in 
food consumption for the period 2012–2010 of the treat-
ment group. The weighted regression models adjusted 
for any remaining imbalances between the treatment and 
the control group. Assuming that treatment and con-
trol groups would have followed parallel trends absent 
the treatment, this then identifies the average treatment 
effect within our sample (Sample Average Treatment 
Effect of the Treated,SATT).

Results
Tables  2 and 3 show the results of our analysis con-
ducted using Python and R (version 4.3.1). We exam-
ined the effect of the selected traditional farming 
practices on the change in food rationing (Table  2) 
and dietary diversity (Table 3) between 2010 and 2012, 
respectively. The SATT is the coefficient of the respec-
tive treatment variable as estimated from weighted 
linear regression models. All models include the socio-
economic and institutional control variables used in 
the matching procedure to adjust for any remaining 
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imbalances. Standard errors were clustered at the stra-
tum membership to guard against potential misspeci-
fications of the regression models [96]. The complete 
output, including the effect of each control variable, 
can be found in the Appendix in Tables A2 and A3. 

Further information about the number of matches can 
be found in Tables A4–A17 in the Appendix.

As can be seen from Table  2, three agricultural prac-
tices are statistically significantly associated with reduced 
rationing behavior in households experiencing extreme 

LSMS-ISA 2010 

N=3,924

Experienced weather shocks in 

2011

N=2,088

Treatment Group: crop-tree 

intercropping

N=84

Control Group: no crop-tree 

intercropping 

N=183

CEM based on the following controls (LSMS-ISA round 2010): level of education, 

off-farm employment, number of children, wellbeing, land ownership, and access to 

piped water

Sample size after matching: Treatment=73 & Control=130

Regress the difference in food security 2012-2010 on the treatment indicators 

Fig. 3  Difference-in-difference CEM approach (crop-tree intercropping)

Table 1  Strata thresholds.  Source: LSMS–ISA round 2010

Variable Strata thresholds

Level of education (1) No formal education, (2) unfinished primary education, (3) finished primary but did 
not start secondary education, (4) started secondary education but did not start university, 
and (5) started university-level education

Off-farm employment (1) Any off-farm employment, (2) no off-farm employment

No. of children (1) No children, (2) 1 to 3 children, (3) 4 or more children

Wellbeing (1) Very rich, rich (2) comfortable, can manage to get by (3) never have quite enough, poor

Tenure security (1) All plots are owned by the HH, and (2) not all plots are

Piped water (1) Piped water, private outside standpipe, public standpipe, and (2) all else
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weather events: crop-tree intercropping, crop-livestock 
integration, and the cultivation of sorghum. On the con-
trary, the cultivation of maize is associated with an 
increase in food rationing. The other agricultural prac-
tices show no statistically significant association with 
food rationing. Note, however, that the number of obser-
vations, especially for the cassava model, is relatively 
small, which might partly explain the lack of statistical 
significance.

To illustrate the effect sizes, consider the negative coef-
ficient of crop-tree intercropping. The sign indicates 
that households that relied on this agricultural prac-
tice displayed less rationing behavior on average. The 
average predicted value of the food rationing score for 
households that did not employ crop-tree intercropping 
is 0.57, but -1.7 for households that practiced crop-tree 
intercropping. This difference corresponds to a reduction 
of 0.25 standard deviations in our food rationing score. 
The effect of cultivating maize is significantly more sub-
stantial. Relying on this staple crop increases the aver-
age model prediction of the food rationing score by 1.38 
standard deviations.

Next, we tested the effect of these agricultural prac-
tices on dietary diversity. As can be observed in Table 3, 
crop diversity and cultivating sorghum are associated with 
an increase in dietary diversity, while cultivating maize 

is associated with a reduction in dietary diversity. The 
other agricultural practices show no statistically signifi-
cant effect on dietary diversity. Due to the small number 
of observations in our cassava model, the lack of statisti-
cal significance for this crop needs to be interpreted with 
caution though.

We may again illustrate the effect sizes using the aver-
age prediction of dietary diversity for the treatment and 
control groups. For example, households that did not cul-
tivate sorghum had an average predicted value of the die-
tary diversity score of − 1.48. In contrast, households that 
did cultivate sorghum had an average predicted value of 
−  0.2. This corresponds to an increase of 0.16 standard 
deviations in our dietary diversity score.

Robustness checks
To ensure the robustness of our results, we checked 
whether changing the composition of our strata affects 
our results. Instead of using the strata described in 
the method section, we used equally sized strata bins 
employing Sturge’s bin rule. The results of these addi-
tional robustness checks, which can be found in Tables 
A18 and A19 in the Appendix, largely corroborate our 
main findings.

Furthermore, we assessed the robustness of our find-
ings by relying on an alternative matching approach. 

Table 2  Effect of agricultural practices on food rationing

Clustered standard errors in parentheses
* p < 0.1
** p < 0.05
*** p < 0.01

Crop diversity Intercropping Crop-tree 
intercropping

Crop-livestock 
integration

Cassava Maize Sorghum

SATT​ − 0.247 2.104 − 2.214* − 1.582* − 2.076 12.006* − 1.831*

(1.190) (2.305) (1.142) (0.849) (4.970) (6.465) (0.985)

Num. Obs 327 209 203 252 83 157 238

Std. Errors By: stratum By: stratum By: stratum By: stratum By: stratum By: stratum By: stratum

Table 3  Effect of agricultural practices on dietary diversity

Clustered standard errors in parentheses
* p < 0.1
** p < 0.05
*** p < 0.01

Crop diversity Intercropping Crop-tree 
intercropping

Crop-livestock 
integration

Cassava Maize Sorghum

SATT​ 1.710* 0.228 − 0.428 0.366 4.507 − 4.404* 1.881**

(0.941) (0.768) (1.158) (0.849) (2.987) (2.022) (0.764)

Num. Obs 287 185 171 228 68 105 216

Std. Errors By: stratum By: stratum By: stratum By: stratum By: stratum By: stratum By: stratum
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Instead of using the CEM technique, we employed the 
most widely employed matching method: nearest-neigh-
bor propensity score matching [97]. As can be observed 
in Tables A20 and A21 in the Appendix, the results of the 
propensity score matching (PSM) analyses are in line to 
those depicted in Tables 2 and 3: crop-tree intercropping, 
crop-livestock integration and cultivating sorghum are 
able to reduce food rationing behavior, while crop diver-
sity is able to increase dietary diversity. Note that the 
effect sizes and the statistical significance of the crop-tree 
intercropping and crop-livestock integration variables 
are considerably larger in the PSM models compared 
to our CEM specifications. These results increase our 
confidence that our findings were not an artifact of the 
employed CEM analysis.

Discussion
Two main conclusions can be drawn from the results 
reported above. First, cultivating traditional crop varie-
ties that are more drought-tolerant compared to usual 
cash crops, such as maize, may be an effective strat-
egy to promote food consumption and the food variety 
of households exposed to climate shocks. Our analysis 
reveals that particularly sorghum, a widely planted tra-
ditional crop in Tanzania that has heat-tolerance prop-
erties (c.f. [98]), reduces food rationing behavior and 
increases dietary diversity in rural households experienc-
ing extreme climatic conditions. In contrast, we find that 
maize—the most planted staple crop in Tanzania—does 
not contribute to farmers’ climate resilience. Our results 
indicate that households relying on maize report more 
food rationing and a less diverse diet after experiencing 
harsh climatic conditions.

This result resonates with previous findings underlin-
ing that heat shocks may severely reduce maize yields in 
Tanzania and directly affect children’s health in a coun-
try that is highly dependent on maize production [99]. 
Moreover, adaptation measures such as full irrigation, 
deficit irrigation as well as mulch and nitrogen addition 
are found to be insufficient to prevent future climate-
related maize yield losses [100]. Considering our results 
and these previous findings, Tanzanian farmers will likely 
profit from reducing their dependency on maize pro-
duction and diversifying into traditional crops such as 
sorghum.

Besides highlighting the role of traditional crops, this 
study underlines the importance of particular tradi-
tional farming diversification strategies in improving the 
access to sufficient and nutritious food in households 
confronted with extreme weather events. Previous work 
has concluded that crop diversification may effectively 
increase food security in selected African countries [19, 
20]. Building on this literature, our quasi-experimental 

quantitative approach shows that when Tanzanian farm-
ers cultivate more than two crops on most of their fields, 
they must ration less food when exposed to adverse 
weather conditions. Thus, crop diversification seems 
to promote food intake in light of increasing climate 
variability.

We find two other traditional diversification practices 
to promote dietary diversity of households suffering from 
climatic stress: intercropping of annual and perennial 
crops as well as crop-livestock integration. While some 
few studies suggest that intercropping annual crops with 
trees may increase dietary diversity and food intake [101], 
hardly any work has systematically tested the impact of 
crop-livestock integration on food consumption (c.f. 
[52]). Our investigation highlights that, in fact, both tra-
ditional practices may contribute to greater dietary diver-
sity of farmers in times of harsh climatic conditions. The 
interaction between crops and livestock (including small 
ruminants, poultry, goats, pigs, or cattle), as well as crops 
and particular trees and palms (including fruit and nut 
trees, coffee, and palm oil), can be an effective strategy to 
foster climate resilience in rural Tanzania.

While we find significant and consistent effects for 
some of the analyzed traditional agricultural practices, 
we do not see a significant impact for others (particularly 
annual crop intercropping and the cultivation of cassava). 
The lack of statistical significance for these two farming 
practices should be interpreted with care. Our estimation 
strategy of applying CEM and PSM in combination with 
a DiD approach is highly conservative. While the DiD 
design could account for much of the unobserved differ-
ences between treated and untreated households, it also 
removes much of the data’s variation. By adding the CEM 
and PSM matching procedure, we reduced our sample 
size even more, which can inhibit the detection of poten-
tial effects by our regression models.

Important to note is that some limitations characterize 
this study, and several avenues for future research exist. 
First, by relying on household data, this study might not 
have accounted for intra-household food inequality (e.g., 
[102]). Considering that children and women are often 
more affected by the lack of food (e.g., [103]), future 
studies should assess the link between climate change, 
agricultural practices, and food security using individ-
ual-level data. Second, as Debray et al. [104] stressed, we 
need to promote our understanding of how the local con-
text (socio-ecological, economic, and political settings) 
matters for the implementation and effectiveness of 
particular traditional farming practices. Knowing more 
about the conditions under which certain practices may 
be effectively implemented seems imperative for promot-
ing local climate resilience. Third, more attention should 
be devoted to examining the pathways through which 
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these practices may further food consumption. Some of 
these practices may facilitate individuals’ access to stable, 
adequate, and diverse diets by, for example, promoting 
livelihood diversification and higher incomes, enabling 
direct consumption and more control over farming 
inputs, furthering mutual support practices, and enhanc-
ing local social capital. The validity of these mechanisms 
has, however, rarely been systematically tested. Finally, 
many of the agricultural practices occur at the same time. 
For instance, households might not only use crop diver-
sification but also crop-tree integration on certain fields. 
More research should be devoted to studying the effect of 
these combinations.

Conclusion
This study examined the extent to which some of the 
most prevalent traditional agricultural diversification 
practices may increase farmers’ climate resilience in 
Tanzania. Specifically, we investigate four diversification 
practices: crop diversification, annual crop intercrop-
ping, crop-tree intercropping, and crop-livestock inte-
gration. In addition, we examine how cultivating two 
traditional drought-tolerant crops (sorghum and cassava) 
affects the food consumption of households exposed to 
climate shocks. Our investigation is among the first to 
causally assess the effectiveness of these traditional farm-
ing practices in attenuating farmers’ climate-related food 
insecurity.

Through a matched differences-in-differences 
approach, we showed that households that relied on crop 
diversification, crop-tree intercropping, crop-livestock 
integration, and sorghum cultivation were particularly 
able to maintain food consumption when facing extreme 
weather events. Relying on the cash crop maize, in con-
trast, seems to decrease the food resilience of Tanzanian 
households.

Our positive findings for these practices suggest that 
governments, nongovernmental organizations, funding 
agencies, international organizations, and philanthropic 
donors should be more willing to embrace and fund the 
implementation of these traditional agricultural prac-
tices. In contrast to agricultural intensification policies 
based on monocropping, high-yield crops and the use of 
synthetic inputs, traditional farming practices are cost-
effective and have the potential to create essential ecosys-
tem services. While global diets are centered around the 
“big three” cash crops (maize, wheat, and rice), African 
farmers should feel encouraged to diversify and incorpo-
rate more traditional crops and use different diversifica-
tion strategies.

In collaboration with the Tanzanian government, inter-
national agencies and research organizations have imple-
mented several important projects to assist smallholders 

with the adoption of diversification practices, including 
multicropping, agroforestry, and enhanced crop-livestock 
integration [105, 106]. The National Ecological Organic 
Agriculture Strategy (NEOAS) for 2023–2030, recently 
launched by the Tanzanian government, is a pertinent 
example of a multi-stakeholder initiative trying to better 
integrate traditional ecological knowledge with scientific 
advancements to foster food security and climate resil-
ience throughout the country.5 Our analysis underlines 
the importance of such programs aiming at recognizing 
and disseminating indigenous farming practices. While 
ongoing initiatives represent a first step in that direction, 
they still remain underfunded. Moreover, local states 
should encourage the adoption of traditional practices 
by, for example, guaranteeing secure land tenure system 
arrangements, investing in the research and dissemina-
tion of indigenous seeds, encouraging the formation of 
agricultural cooperatives, and facilitating smallholders’ 
access to credit.
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