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TANZANIA

Preface

This study examines the impact of negative income shocks on agricultural intensification—
measured by the use of improved seeds and inorganic fertilisers—and household welfare
among maize-growing smallholders in Tanzania. It also assesses whether membership in
Savings and Credit Cooperative Societies (SACCOS) and Self-Help Groups (SHGs) helps
cushion these effects. Using panel data from the 2014/15 and 2020/21 waves of the
Tanzania National Panel Survey, the analysis applies household fixed effects and district-
specific time trends to address unobserved heterogeneity and local-level biases. The study
goes beyond aggregating shocks by distinguishing between weather-related, health-related,
covariate, and idiosyncratic shocks. To enhance robustness, it incorporates district-level
rainfall data to proxy drought conditions. The findings reveal that negative income shocks
significantly reduce the adoption of improved seeds but have no significant effect on the
use of inorganic fertilisers. The adverse impact is more substantial for health-related and
idiosyncratic shocks than for weather-related or covariate ones. While SACCOS and SHGs
generally do not mitigate the effects of shocks, there is limited evidence that SACCOS help
sustain fertiliser use during weather- and health-related shocks, and that SHGs offer some
protection for seed adoption under weather-related shocks. However, neither institution
significantly shields household welfare from the impact of shocks, though membership is
positively associated with overall welfare. These findings underscore the need for targeted
risk-mitigation strategies tailored to specific shock types and highlight the limited insurance
function of informal financial institutions. Strengthening financial inclusion and resilience
mechanisms for smallholders, particularly for early-season agricultural investments, is
crucial.
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1 Introduction

In most countries of Sub-Saharan Africa (SSA), including Tanzania, agriculture remains a
significant source of livelihood. It also plays a vital role in stimulating growth in other
economic sectors. Thus, agricultural development is indispensable in the fight against
poverty, hunger, and malnutrition (Christiaensen et al., 2011; Ortiz-Crespo et al., 2020).
Despite its importance, its performance is not impressive as evidenced by low agricultural
productivity in the region (Otsuka & Larson, 2016; Senbet & Simbanegavi, 2017). Although
the low productivity is attributable to several factors, one of the reasons is that households
spend sub-optimally on agricultural technologies. Evidence shows that even when new
agricultural technologies appear profitable, smallholder farmers may not adopt them (Duflo
et al., 2008; Harou et al., 2017). Consequently, the adoption rate is still very low in many
parts of the region (Binswanger-Mkhizea & Savastano, 2016; Holden & Westberg, 2016;
Takahashi et al., 2020). Some of the factors attributed to the low adoption rate of
agricultural technologies in the region include limited affordability and accessibility
(Vanlauwe et al., 2015), poorly developed supply chains, limited access to finance, and
agricultural crop marketing constraints (Jayne et al., 2019), lack of technical information on
appropriate use of the new technologies (Duflo et al., 2011), imperfect input markets and
low quality of inputs (Ashour et al., 2019; Bold et al. 2017; Bulte et al.,2022), and incorrect
beliefs about inputs (Abay et al., 2017; Ashour et al., 2019; Hoel et al., 2024). Another
potential reason for the sub-optimal investment in agricultural technologies is that
households in developing countries are exposed to several adverse shocks (Hoddinott &
Kinsey, 2001; Dercon, 2002, 2005; Kazianga & Udry, 2006). These negative shocks tend to
disrupt their financial stability, impose liquidity constraints, and may severely affect
smallholders’ abilities to invest optimally in agricultural intensification.

Over the years, smallholder farmers in SSA have relied on land expansion to boost yields.
However, due to increasing population pressure, farm sizes are shrinking (Headey & Jayne,
2014; Jayne et al., 2003; Otsuka & Place, 2015). In response to this, farmers have increased
the frequency of cultivating the same land, as fallowing is no longer a viable option
(Binswanger-Mkhizea & Savastano, 2016; Headey & Jayne, 2014; Mugizi & Matsumoto,
2020). However, continuous cultivation without proper agricultural intensification has led to
soil fertility depletion (Mugizi & Matsumoto, 2021; Mugizi, 2022a), highlighting the need for
more sustainable agricultural practices (Binswanger-Mkhizea & Savastano, 2016; Mugizi &
Matsumoto, 2020; 2021). Nevertheless, most of the intensification methods require financial
resources. Furthermore, agricultural investment is not a one-time expense; smallholders
need to maintain financial stability to cover both the costs of intensification and other
farming expenses throughout the agricultural season. Negative income shocks1 can disrupt

T Throughout this paper, the focus is on negative income shocks, defined as a fall in (loss of) income
resulting from exposure to a negative shock.
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smallholders’ financial stability and ability to invest in agricultural intensification, potentially
negatively impacting household welfare.

Access to insurance or credit markets can help mitigate the potential effects of negative
income shocks on agricultural intensification and welfare. It is well-documented that
financial inclusion of smallholders in developing countries promotes the use of inputs and
the adoption of modern agricultural technologies (Deb & Suri, 2013; Narayanan, 2016).
Nonetheless, in Tanzania, as in many other developing nations, formal financial and
insurance services are limited, with branch networks primarily concentrated in urban or
semi-urban areas. Mugizi (2022b) argues that even when these services are available, most
smallholders neither save in these institutions nor borrow from them. In the absence of
other saving or borrowing options, this suggests that smallholders should fund agricultural
investment using their current incomes. However, smallholders can hardly afford to make
such investments, relying solely on their incomes, especially when they face negative
income shocks. In the context where formal financial and insurance markets are limited,
Savings and Credit Cooperative Societies (SACCOS)2 and self-help groups (SHGs) can be
good coping mechanisms. Although these organisations have the potential to play a role in
mitigating the effects of negative income shocks on agricultural intensification, their
cushioning role has hardly been empirically examined in SSA, and Tanzania, in particular.

This paper seeks to answer two research questions: Do negative income shocks reduce
agricultural intensification and household welfare in Tanzania? Do SACCOS and SHGs
mitigate the potential effects of shocks on intensification and welfare? To answer these
questions, we use panel datasets of two waves—2014/2025 and 2020/2021 (hereafter 2015
and 2021) from the nationally representative household surveys—Tanzania National Panel
Survey (NPS). In the analysis, we exploit the panel nature of the data and use a more
rigorous and conservative estimation methodology-the household fixed effects model,
controlling for district-specific time trends. Household fixed effects allow us to control for
unobservable household time-invariant characteristics that could cause bias in parameter
estimates; district-specific time trends help to clean our estimates of time trends or district
bias.

Our main results indicate that exposure to a negative income shock significantly reduces the
likelihood of adopting improved seeds but not the use of inorganic fertiliser. Our findings are
robust across multiple model specifications and remain consistent when negative income
shocks are disaggregated by covariate versus idiosyncratic shocks, as well as weather-
related versus health-related shocks. With regard to the insurance role of SACCOS and
SHGs, our analysis reveals that membership in either SACCOS or SHGs does not
significantly mitigate the adverse effects of negative income shocks on agricultural
intensification. However, when disaggregating negative income shocks into weather-related

°The description of SACCOS and SHGs is given in Section 3.
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and health-related categories, we find suggestive evidence that SACCOS membership does,
in fact, help members buffer the adverse effects of weather-related income shocks on the
adoption of inorganic fertilisers. Similarly, we find suggestive evidence that SHG
membership provides some protection against the adverse effects of weather-related
negative income shocks on the use of improved seeds, although no such cushioning effect
is observed for the use of inorganic fertilisers. We also find that membership in SACCOS
mitigates the adverse effects of health-related negative income shocks on the use of
inorganic fertilisers, but not on the adoption of improved maize seeds. In contrast, SHGs do
not provide insurance for either input under such shocks. For covariate shocks, we find that
SACCOS membership ensures the adoption of improved seeds but not the use of inorganic
fertiliser, while SHGs offer no insurance against such shocks. Moreover, we find no evidence
that either SACCOS or SHGs protect members against idiosyncratic shocks.

Regarding welfare impact, contrary to our expectation, we find no significant relationship
between negative income shocks (of all types combined) and household welfare among
smallholders in Tanzania. The same results still hold even when we split negative income
shocks into weather-related and health-related income shocks or covariate and idiosyncratic
income shocks. Concerning the role of SACCOS and SHGs in buffering members against
welfare loss, although we find that SACCOS and SHG membership is positively associated
with household welfare, we find no substantial evidence to suggest that these institutions do
indeed help farmers cushion themselves against negative income shocks.

Existing studies (e.g., see Arslan et al., 2017; Gebremariam & Tesfaye, 2018; Kassie et al.,
2013; Newman & Tarp, 2019; Teklewold et al., 2013) document mixed results regarding the
effects of shocks on agricultural intensification. For example, Gebremariam and Tesfaye
(2018) show that production and health shocks negatively affect the adoption of improved
seeds, chemical fertilisers, and irrigation in Ethiopia. Similarly, in Ethiopia, rainfall shocks
were found to reduce the adoption of agricultural innovations (Teklewold et al., 2013). In
Malawi, Sesmero et al.’s (2018) study finds that households reduce the application of
fertilisers and improved maize seeds, in response to adverse weather history. Arslan et al.
(2017) also show that long-term variability in rainfall reduces the adoption of organic
fertilisers but increases the use of improved seeds in Tanzania. Newman and Tarp (2019)
find that households exposed to weather shocks in Vietnam tend to invest less in productive
assets over the long term. Mulungu et al. (2025) show that in Zambia, farmers who
experienced drought in the previous year are less likely to use inorganic fertilisers but more
likely to use improved seeds. However, they find that the indirect (income) effect reduces
the probability of using both inputs. In contrast, Kassie et al. (2013) find that rainfall, insect,
and disease shocks influence farmers' investments in sustainable agricultural practices in
six districts of Tanzania. There are also a bunch of studies documenting the deleterious
impact of negative shocks on welfare in SSA (Amare et al., 2018; Dercon et al., 2005; Efobi et
al., 2020; Hiibler et al., 2025; Mkupete et al., 2023), while a few have found no impact (e.g.,
see Tiague, 2023).

© Data & Evidence to End Extreme Poverty 6



SHOCKS, AGRICULTURAL INTENSIFICATION, SELF-HELP GROUPS, AND HOUSEHOLD WELFARE: PANEL EVIDENCE FROM
TANZANIA

Existing studies on self-help programs in South Asia, particularly in India, have shown
positive effects on various outcomes, including savings and credit, household income,
expenditure, asset ownership, food security, access to information and involvement in
agricultural decisions (see e.g., Christian et al., 2019; Datta, 2015; Demont, 2022; Deininger &
Liu, 2009, 2013; Desai & Joshi, 2014; Hoffmann et al.,2021; Raghunathan et al., 2023;
Raghunathan et al., 2019; Joshi et al., 2013; Khanna et al., 2013; Pandey et al., 2019). In rural
Nigeria, Efobi et al. (2020) find that informal associations help households improve food
expenditure and dietary diversity.

Unlike much of the existing literature, which typically examines the impact of negative
shocks in aggregate or focuses narrowly on specific categories—such as weather-related or
health-related shocks—this paper offers a more comprehensive and nuanced approach.
Specifically, it analyses negative income shocks arising from the full range of adverse
events experienced by households, rather than limiting the scope to a single type of shock.
Furthermore, the analysis distinguishes between covariate and idiosyncratic shocks, as well
as between weather-related and health-related sources of income loss. This disaggregated
treatment of negative income shocks represents a novel contribution to the literature. By
moving beyond broad categorisations, the study uncovers heterogeneities in shock impacts
that have not been systematically explored in previous research. These insights carry
important implications for the design of targeted and effective policy interventions aimed at
enhancing household resilience.

Second, while SACCOS and SHGs have the potential to play a critical role in mitigating the
adverse effects of shocks on agricultural intensification and household welfare, rigorous
empirical evidence on their buffering capacity remains limited in SSA. Much of the existing
literature in SSA remains primarily descriptive and often lacks sub-national variation in its
analysis (e.g., Berna et al., 2020; Dube & Edwell, 2018; Kiiza & Omiat, 2021; Lukwa, 2022;
Mantsios et al., 2018; Maina, 2021; Mlaponi, 2025; Moyo, 2023; Msuya et al., 2022;
Mzurikwao, 2014; Watagulu, 2025). This paper makes a novel contribution to the growing
empirical literature on the role of SACCOS and other informal financial associations (e.g.,
Efobi et al., 2020; Kiiza & Omiat, 2021; Mugizi, 2022b) in cushioning households against
negative shocks in the SSA context. It draws on a nationally representative dataset from
Tanzania, thereby ensuring that the findings are robust and have broader applicability. The
use of such comprehensive data allows for greater generalizability of the results across
similar socio-economic and institutional settings within the region.

The paper proceeds as follows: Section 2 gives the conceptual framework. Section 3
presents an overview of Tanzania's agricultural sector, SACCOS and SHGs. Section 4
outlines the data used in the study. The estimation strategy is detailed in Section 5. Section
6 presents and discusses the results, while Section 7 concludes with a summary of the
findings and policy recommendations.

© Data & Evidence to End Extreme Poverty 7
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2 Model (conceptual framework)

This section outlines a simple conceptual framework (illustrated in Figure 1) that informs
our hypotheses on the relationship between exposure to negative income shocks and both
agricultural intensification (Al)—measured by the use of inorganic fertilisers and high-yield
variety (HYV) seeds—and smallholder welfare (HW). We consider a two-period setting: in
period one (t-1), smallholders are subjected to negative shocks, resulting in income losses.
In period two (t), they must decide whether to invest in productivity-enhancing agricultural
technologies, such as inorganic fertiliser and improved seeds, to improve their yields.

However, the adoption of these inputs is costly, requiring a certain level of financial capacity.
Smallholders who experienced negative income shocks in period (t-1) are likely to face
binding liquidity constraints in period (t), limiting their ability to invest in productivity-
enhancing technologies, such as inorganic fertilisers and improved seeds. Consequently,
agricultural intensification in period (t) is likely to be reduced, leading to lower yields,
diminished income, and ultimately, lower welfare outcomes in the same period.

The framework further assumes that, in settings where formal financial institutions are
readily accessible, smallholders could respond to income shocks by borrowing or
withdrawing savings held in these institutions. However, in rural areas of developing
countries such as Tanzania, access to formal financial services and insurance markets is
limited. Even where such services exist, smallholders rarely utilise them for saving or
borrowing. Instead, they rely on informal financial mechanisms—primarily savings and credit
from SACCOs and SHGs—as key risk mitigation strategies. Consequently, while agricultural
intensification and welfare are expected to decline among those exposed to negative
income shocks relative to the non-exposed, participation in SACCOs and SHGs may partially
offset these adverse effects.

© Data & Evidence to End Extreme Poverty 8



SHOCKS, AGRICULTURAL INTENSIFICATION, SELF-HELP GROUPS, AND HOUSEHOLD WELFARE: PANEL EVIDENCE FROM
TANZANIA

Figure 1: Conceptual framework linking negative income shocks, agricultural intensification,
household welfare, SACCOS, and SHGs
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3 The Setting

Tanzania attained lower-middle-income status in 2020. Despite this progress, poverty
remains a significant challenge. Approximately 26% of the population lives below the
national basic needs poverty line—TZS 49,320, or roughly USD 19 per month—with poverty
incidence markedly higher in rural areas (31.3%) compared to urban areas (15.8%) (MoFP-
PED, 2019). According to the most recent national census, Tanzania has a population of
approximately 61.7 million, with 65% residing in rural areas (URT, 2022). The majority of this
rural population depends on agriculture for their livelihoods.

Agriculture, therefore, remains a critical sector in the Tanzanian economy, employing 65.5%
of the labour force (FAO, 2024) and contributing approximately one-third of GDP (World
Bank, 2020). However, the sector is predominantly composed of smallholder farmers and is
characterised by low levels of agricultural intensification (Binswanger-Mkhizea & Savastano,
2016). For instance, average inorganic fertiliser use stands at only 16.6 kg per hectare of
cropland (FAO, 2024). This figure is not only below the continental average for Africa (21.6
kg/ha) and the global average (113.1 kg/ha), but also lags behind several East African
peers—Burundi (31.3 kg/ha), Kenya (31.5 kg/ha), and Rwanda (22.8 kg/ha)—with the
exception of Uganda (2.0 kg/ha) (FAO, 2024).

With respect to savings and credit mechanisms, informal channels remain dominant in
Tanzania. Among individuals who save, 47% do so at home, while over two-thirds (67%) of
adult borrowers rely on friends and family as their primary sources of credit (FinScope,
2023). To enhance financial inclusion and promote a culture of saving and borrowing, the
government has, over the past two decades, actively encouraged the formation of SACCOS
as a means to improve access to financial services, particularly in underserved rural areas.

As of 2022, a total of 2,034 SACCOS were registered in Tanzania, with combined assets
amounting to TZS 20.76 billion (TCDC, 2023). SACCOS constitute an important component
of the country’s financial landscape, particularly in expanding access to financial services
among underserved populations. They provide a variety of services, including savings
mobilisation and the provision of relatively affordable credit. Loan eligibility is typically
linked to a member’s savings, with most SACCOS permitting borrowing of up to two to three
times the amount saved, and some allowing up to four times. Interest rates vary across
institutions but are generally lower than those offered by commercial banks. Moreover,
SACCOS are credited with promoting a culture of savings and financial discipline, thereby
enhancing financial security and resilience at the household level.

Similar to SACCOS, self-help groups (SHGs) serve as a vital mechanism through which
individuals—particularly the poor and those excluded from formal financial systems—
mobilise savings and access credit. In Tanzania, SHGs are recognised as important
contributors to poverty reduction and financial inclusion, particularly in rural areas where
access to formal financial services remains limited. These groups typically engage in
savings mobilisation, internal lending, and social support activities, enabling members to

© Data & Evidence to End Extreme Poverty 10
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improve their livelihoods through collective action. While the nature of loans varies by group-
specific policies, common loan categories include income-generating and business loans,
emergency loans (e.g., for medical or funeral expenses), welfare loans, education loans, and
agricultural loans.

Although SACCOS and SHGs share similarities in several aspects, they differ in others. First,
unlike most SHGs which are informal, SACCOS are formal—they are registered and
supervised by the Central Bank (Microfinance Act of 2018) through TCDC. In addition,
SACCOS have clear governance structures (Board, Management, and Supervisory
Committee). They are also audited by an External Auditor once a year and inspected and
supervised by the Cooperative Audit and Supervision Corporation (COASCO) to ensure that
they are operated and managed following the requirements of the Act. Second, regarding
loan size, SACCOS provide small to large loans and terms can range from a few months to
several years, depending on the loan purpose and size. On the other hand, loans provided by
SHGs are usually small and repaid within 3—12 months.

A central feature common to both types of arrangements is the mobilisation of loanable
funds through regular member contributions (savings). These funds are further augmented
by interest earned on loans and penalties imposed for late repayments or breaches of group
by-laws. Members are eligible to borrow from the pooled resources to address their financial
needs. In some SHGs, financial assistance may be provided to members facing severe
economic distress due to unforeseen adverse events. Unlike formal financial institutions or
insurance markets, access to funds within SACCOS and SHGs tends to be more affordable
and easily accessible; aside from personal savings, no collateral is typically required to
obtain a loan.

© Data & Evidence to End Extreme Poverty 11
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4 Data sources and construction of key
variables

This study uses the nationally representative household surveys—Tanzania National Panel
Survey (NPS) data.® The NPS is part of the Living Standards Measurement Study-Integrated
Surveys on Agriculture (LSMS-ISA). The NPS data consist of five survey waves: 2008/2009,
2010/2011,2012/2013,2014/2015 and 2020/2021. This study uses panel data from two
waves—2014/2015 and 2020/2021—henceforth 2015 and 2021. The main data collection of
the 2015 round started in October 2014 and ended in October 2015. The sample comprises
3,352 households across 419 enumeration areas, combining the original NPS sample with a
new sample, the “Refresh Panel”.

The 2021 round followed the entire “Refresh Panel” and included 545 new households from
major cities to allow for improved estimates in urban centres.* The final NPS 2021 sample
included any previous NPS member identified during data collection who had started
another household between rounds. Ultimately, the final NPS 2021 sample size was 4,709
households that included 545 households from the booster sample. Excluding this group
leaves 4,164 households. The 2015 wave had 3,352 households; 3,042 of these were
successfully re-interviewed in 2021, resulting in an attrition rate of 9.3%. To assess whether
attrition is random, we estimate a Probit model for attrition between 2015 and 2021, using
the characteristics of households in 2015. The model's results are presented in Table A1.
Following Fitzgerald et al. (1998), we calculate attrition weights using inverse probability
weighting, and all estimates are adjusted with these weights to correct for any potential
attrition bias.

The NPS surveys include comprehensive agriculture-related questionnaires. Using the
information from these questionnaires, we restrict our sample to smallholders who
cultivated maize. This results in an unbalanced panel of 2,643 households—1,170in 2015
and 1,473 in 2021. Maize is the only crop grown by many farmers in Tanzania, —38.5% and
35.4% of the surveyed households produced maize in 2015 and 2021, respectively. Second,
maize is the dominant staple in Tanzania. Moreover, maize is one of the crops where
agricultural intensification—the use of modern improved seeds and inorganic fertiliser is
highly encouraged. We focus on the adoption of improved seeds and the use of inorganic
fertilisers because they represent two of the most important inputs in crop production and
are among the most promoted and regulated by governments across the developing world
(Ariga et al., 2019).

In this study, the first set of outcome variables is measures of agricultural intensification.
We use three variables to define agricultural intensification: adoption of improved maize

3Home (nbs.go.tz)

“Therefore, the true NPS 2021 panel sample can only be traced back to those NPS 2015 Refresh Panel
households reinterviewed in the NPS 2021.
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seeds, use of inorganic fertilisers, and the amount of chemical fertiliser used per hectare of
the land cultivated. The second set of outcome variables measures household welfare. The
surveys provide detailed information on total consumption;® we use this information to
develop measures of household welfare—annual consumption per adult equivalent and
annual consumption per capita. The former is calculated by dividing the annual total
consumption by the number of adult equivalents in the household. The latter is constructed
by dividing the annual total consumption by the number of household members.

The first key covariate used in this paper is exposure to negative income shock. The surveys
contain information on households' experiences with shocks, specifically asking whether
any shocks severely impacted the household over the past two years.® A follow-up question
inquires whether these shocks led to a reduction or fall in household income. This
information is used to create a variable representing exposure to negative income shock,
which is a dummy equals to 1 if exposed to negative income shock, 0 otherwise. As
highlighted in Section 1, besides analysing negative income shocks arising from the full
range of adverse events experienced by households, our analysis in Section 5 distinguishes
between covariate and idiosyncratic shocks, as well as between weather-related and health-
related sources of income loss. Being mindful of this, we also construct four other
alternative measures of negative income shock: covariate negative income shock;
idiosyncratic negative income shock; weather-related negative income shock; and health-
related negative income shock.” In addition, since exposure to negative income shocks
comes from self-reported information, we supplement it with weather data obtained from
AidData GeoQuery.® From this source, we obtained district-level climatological data derived
from two distinct temporal windows. That is, for wave 4 (year 2014/2015), the rainfall
average is computed over the 39 years from 1975 to 2013. For wave 5 (year 2020/2021), the
rainfall average is computed over the 45 years from 1975 to 2019. For both waves,

rainfall represents the annual mean precipitation (mm/year) for the district. Standard
deviations were calculated for each district corresponding to the same temporal window
(1975-2013 for wave 4 and 1975-2019 for wave 5), quantifying interannual variability. Our

SAnnual total consumption (nominal) is a summation of clothing and footwear; utilities (water, kerosene,
lighting); furnishings and household expenses; transportation, communication, recreation, other consumption;
durables expenditures (user cost), housing/rent (imputed), food, beverages, alcohol at home; food, beverages,
alcohol and tobacco outside home; education, and health. All this information is annual and nominal.

5These shocks include, drought or floods, crop disease or crop pests, loss of livestock, household business
failure, loss of salaried employment or non-payment of salary, large fall in sale prices for crops, a large rise in
price of food, large rise in agricultural input prices, severe water shortage, loss of land, chronic illness or
accident of household member, death of a household member, death of other family member, break-up of the
household, jailed, fire, robbery/burglary, and dwelling destroyed.

7 These four alternative measures of negative income shocks are categorized as follows: Weather-related shocks
include exposure to drought or floods and severe water shortages. Health-related shocks include chronic or
severe illness or accident of a household member, death of a household member, or death of another family
member. Covariate shocks include exposure to drought or floods, crop disease or pests, a large fall in crop sale
prices, a large rise in input prices, and severe water shortages. Idiosyncratic shocks include household business
failure, loss of salaried employment or non-payment, loss of land, chronic or severe iliness or accident of a
household member, death of a household member, death of another family member, household break-up, and
exposure to hijacking, robbery, burglary, or assault, or damage/destruction of the dwelling.

8 http://www.geoboundaries.org/)
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variable of interest, negative rainfall shock—unusually dry conditions (drought) — was
constructed as negative precipitation deviations from the long-term precipitation mean.
Precipitation z-scores were calculated, and drought was defined as precipitation z-scores of
less than -1.5, which takes the value of one, and zero otherwise.

Other key explanatory variables are membership in SACCOS and membership in self-help
groups. The surveys provide information on household membership in SACCOS and collect
details on individuals or institutions from which household members borrowed or obtained
credit within the 12 months preceding the survey. The former is used to create a dummy
variable for membership in SACCOS; the latter is used to construct a dummy variable for
membership in self-help groups.
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5 Estimation Strategy

The primary objective of this study is to assess whether negative income shocks affect
agricultural investment (intensification). To achieve this, we estimate the model specified in
Eq. (1). However, potential endogeneity resulting from omitted variable bias or reverse
causality could distort the estimates. To address this, we include a range of relevant control
variables. Additionally, we leverage the panel data structure and apply household fixed
effects to account for unobserved, time-invariant household-specific factors that may be
correlated with both input use and past exposure to negative income shocks. We also
incorporate district-time fixed effects to control for district-time-specific confounders,
including any unobserved factors that are common across all households, such as climatic
conditions and input subsidy levels (Mulungu et al., 2025).

Aljjar = ag + a11S;e1 + Xy + @i + Var + Eijar (1)

In Eq. (1), i, j, d and t represent the household, enumeration area, district, and survey round,
respectively. Al;;,, measures outcome variables—agricultural intensification, measured by
whether the household used improved maize seeds and the amount of inorganic fertiliser
per hectare of land cultivated (Kg/ha). It is important to note that many farmers in Tanzania
rarely use inorganic fertilisers on their farms, so these farms are recorded as zeros.
Consequently, the distribution of these variables is unusual, with a large peak at zero and a
pronounced right skew. To address this, we apply a logarithmic transformation to the
variable.® An alternative method suggested by Bellemare and Wichman (2020) to handle
variables of this nature is the inverse hyperbolic sine (IHS) transformation. In line with their
approach, we also apply the IHS transformation to the variable and perform the regression
using the transformed (IHS) version of the variable.'® Given that many farmers do not use
inorganic fertiliser, an alternative, more interpretable approach to analysing the inorganic
fertiliser variable is to focus on the binary decision of whether or not to use (Mugizi &
Matsumoto, 2021). To do this, we create a dummy variable indicating 1 if used inorganic
fertiliser, and 0 if not. The explanatory variables of interest is IS;;_;, a dummy indicating
whether over the past two years the household experienced any negative income shock or
one of the other four alternative measures—weather-related, health-related, covariate, and
idiosyncratic negative income shocks. Technically, in line with the survey question, IS;;_,
here captures those who were exposed to negative income shock inyeart —1ort — 2 or

9 Since In(0) is undefined and our dependent variables contain many zeros, we define the logarithms of

these variables by using In(min(x - €)), where "e" is a small positive number, to handle the zeros.
0 To economise space, the results are not reported but are qualitatively similar to those obtained by

using log transformation.
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both. a, is a parameter of interest that captures the impact of negative income shock on
measures of agricultural intensification.

The vector X;; includes a bunch of controls, including household-level time-variant
characteristics, such as gender of household head, household head’s age, household head’s
years of schooling, and number of household members of working age (15-60 years) as a
proxy for labour endowment. All these variables are expected to affect the adoption of
agricultural technologies. For example, older farmers are less likely to use or adopt improved
technologies. Other controls in X;; include the value of assets, land holding, value of
livestock in tropical units, whether the household received extension advice during the 12
months preceding the survey, and whether received any remittances during the 12 months
preceding the survey. In X;;, we also control for two dummies: whether the household
borrowed from sources other than self-help groups in the past 12 months and whether it has
a bank account. The latter serves as a proxy for both past savings and possibly past income
(Mugizi, 2022b), which may influence agricultural intensification. ¢; denotes household fixed
effects, while y,, represents district-specific time trends. &g, is the error term that may be
heteroskedastic and correlated within the community. To account for intra-cluster
correlation, robust standard errors are clustered at the cluster level (Abadie et al., 2017,
Cameron & Miller, 2015).

Although our negative income shock variable is likely exogenous to the households, together
with the fact that we control for unobserved time-invariant household heterogeneities by
using household effects model along with district-time trends to remove any endogeneities
arising from omitted variable problem, a possible remaining concern would be endogeneity
arising from reverse causality. This would be the case if smallholders who perform poorly on
agricultural intensification are more likely to be exposed to negative income shocks.
However, reverse causality is of less concern here because households generally do not
experience negative income shock because they perform poorly in agricultural
intensification.'" Besides agricultural intensification in year t cannot affect negative income
shock in year t — 1 or t — 2. While reverse causality is unlikely to be a concern, we also show
the robustness of the results by grouping the negative income shocks into two categories—
weather-related vs health-related negative income shocks, covariate vs idiosyncratic
negative income shock. We also use a drought variable constructed from actual weather
data.

Next, we investigate whether the impact of negative income shocks differs based on a
household’s membership in SACCOS or self-help groups. A potential estimation issue is that
membership in these groups could be correlated with unobserved, time-invariant household
characteristics, such as social networks (Cooper & Rege, 2011; Bursztyn et al., 2014;
Newman et al., 2014; Murendo et al., 2017) and risk-taking behaviour, which could influence
agricultural intensification. If these factors are not controlled for, the estimates could be

" This is especially true given the nature of the shocks that smallholders experience (see footnote 6).
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biased due to omitted variable bias. To address this issue, the study leverages the panel
nature of the data and uses household fixed effects. The use of household fixed effects
allows us to control for unobservable household time-invariant characteristics that could
cause bias in parameter estimates. In addition, we include district-specific time trends to
clean our estimates of time trends or district bias. The model to be estimated takes the
following form:

Aljge = ag + a11S;eq + a3 Zip + az(ISj—1 * Zit) + auXie + @i + Var + Eijar (2)

Here, Z;; represents a set of two dummy variables—one for membership in SACCOS and the
other for membership in self-help groups. The other variables are as defined earlier in Eq.
(1). The parameter a5 is of particular interest and is anticipated to be positive and
statistically significant if being a member of SACCOS or self-help group helps to reduce the
impact of negative income shocks on agricultural intensification.

Next, we examine the effect of negative income shock on household welfare (Eq. (3)). The
estimation strategy is similar to that of Eq. (1).

HW jqr = Bo + B11Sit—1 + B2 Xit + @i + Var + Wijar (3)

In Eq. (3), the outcome variable, HW 4. is measured using two metrics: annual consumption
per adult equivalent and annual consumption per capita. p;q4¢ is the error term. The
remaining variables are as defined earlier in Eq. (1). The parameter of interest is 5, which is
hypothesised to be negative and statistically significant.

Finally, we examine the heterogeneous shock impacts of membership in self-help groups or
SACCOs on household welfare. The estimation model and strategy are analogous to those
of Eq. (2).

HW jqe = Bo + BilSit—1 + B2Zip + B3(ISip—1 * Zi) + BuXit + @i + Var + Hijar (4)

Here, the interaction term (IS;,_, * Z;;) is of interest and its coefficient 5 is expected to be
positive and statistically significant if SACCOS and self-help groups indeed help members to
cushion against negative income shocks.
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6 Results

Descriptive statistics

Table 1 presents the summary statistics based on households' exposure to negative income
shock. For both categories—households that were exposed to negative income shock and
those that were not, 27% of households are female-headed in each category. Regarding
household heads' age, the average age of household heads is higher (48 years) in the sub-
sample of households not exposed to a negative income shock compared to those exposed
(47 years). In terms of household size, the number of household members is more or less
similar, with an average of 5.8 members for households that were not exposed to negative
income shocks and 5.7 members for households that were exposed. Similarly, there is no
difference in years of schooling—in both sub-samples, the average years of schooling for
heads of household is 5.4. Likewise, regarding owning a bank account, only 13% of
households have a bank account in both sub-samples. While only 26% of households
received remittances in the sub-sample of households that were not exposed to negative
income shock, 28% of households received remittances in the sub-sample of households
that were exposed to negative income shock. Concerning the proxy for wealth, except for
land holding, both the value of livestock and the value of assets are higher for households
that were not exposed to a negative income shock compared to households that were
exposed to a negative income shock. Regarding membership in SACCOS and self-help
groups, the difference between the two sub-samples is negligible. Only 3.5% and 4.7% of
households are members in SACCOS, in the sub-sample of households that were not
exposed to negative income shock and those that were exposed, respectively. This is also
true for membership in self-help groups, with only 5.2% and 6.4% being members, in the sub-
sample of households that were not exposed to negative income shock and those that were
exposed, respectively.

Concerning agricultural intensification, among households that were not exposed to
negative income shock, 47% used improved maize seeds compared to 46% among the
households that were exposed to negative income shock. There is no difference in the
proportion of households using inorganic fertiliser, as only 19% of households used the input
in both sub-samples. However, in terms of the amount used per hectare of cultivated land,
surprisingly, it appears that on average, households that were exposed to negative income
shock use more inorganic fertiliser than their counterparts. However, the difference is not
statistically significant. Turning to welfare measures, on average, both consumption per
adult equivalent and per capita consumption are higher among the households that were
exposed to negative income shock compared to those that were not exposed. However, the
difference is not statistically significant.
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Table 1: Summary statistics by negative income shock

Negative income

shock =0 (n=1291)

Negative income
shock =1 (n=1352)

Mean
Difference

Female-headed household (1/0) 0.268
Household head's age 48.226
Household size 5.73
Number of adult working people 2.837
Household head’s years of schooling 5.403
Has a bank account (1/0) 0.138

Received remittances in the last 12 months (1/0) 0.225
Value of livestock in tropical units 4.097

Value of assets 16920000.00

Ln land holding in acres 6.160
Member in SACCOS (1/0) 0.035
Member in a self-help group (1/0) 0.052

Over the past 12 months, borrowed (other than -

from SHGs and SACCOS) (1/0)

Organic fertiliser (kg/ha) 217.690
Inorganic fertiliser (kg/ha) 30.180
Used improved seeds (1/0) 0.471

Used organic fertiliser (1/0) 0.239

Used inorganic fertiliser (1/0) 0.192
Received extension advice (1/0) 0.094
Annual consumption per adult equivalent 936618.163
Annual consumption per capita 765921.772

**% %% and * represents significance at 1%, 5% and 10%, respectively.
6.2 Core Results

6.2.1 Negative income shock and agricultural intensification

0.266

46.859

5.801

2.834

5.428

0.134

0.286

3.892

14860000.00

6.196

0.047

0.064

0.072

197.859

31.355

0.456

0.221

0.192

0.133

909331.638

738472.931

0.002

1.367**

-0.071

0.003

-0.026

0.004

-0.061***

0.205

2062000.00

-0.036

-0.012

-0.012

-0.011

19.831

-1.175

0.015

0.018

0

-0.039***

27286.525

27448.841*

Table 2 presents the regression results testing whether being exposed to negative income
shock in period t — 1 affects agricultural intensification in period t (Eq. (1)). We use three

different measures of agricultural intensification. In column 1, the outcome variable is the
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adoption of improved maize seeds; in column 2, the outcome variable is the amount of
inorganic fertiliser used per hectare of land cultivated, and in column 3, the outcome variable
is whether the household used inorganic fertiliser. In all 3 columns, we find a negative
relationship between exposure to negative income shock and agricultural intensification.
However, the result is only statistically significant in column 1, suggesting that past
exposure to negative income shock reduces the probability of adopting improved maize
seeds but not inorganic fertiliser. Specifically, households exposed to negative income
shock in the previous year are less likely to use improved seeds in the current year by about
4 percentage points compared to their counterparts who were not exposed to negative
income shock. These results corroborate the findings of Mulungu et al. (2025), but they
differ slightly in that Mulungu et al. (2025) find that the indirect (income) effect reduces the
probability of using both inputs in Zambia. Therefore, our results suggest that following a
negative income shock, smallholders tend to reduce the use of improved seeds but do not
significantly reduce the use of inorganic fertiliser.

There are several plausible explanations for the observed difference in the use of improved
seeds and inorganic fertiliser after a negative income shock. First, the difference could be
attributed to the fact that inorganic fertiliser is a high-return input, while improved maize
seed is a lower-return input (Mulungu et al., 2025). Therefore, due to limited financial
resources resulting from negative income shock, farmers may find it rational to maintain the
use of inorganic fertiliser at the expense of improved seeds. Second, improved seeds can
easily be substituted by local seeds, whereas inorganic fertiliser is not only a high-return
input but also cannot easily be substituted. Relatedly, in rural Tanzanian communities,
informal seed sharing is common. After a shock, households can obtain local seeds from
neighbours or relatives, avoiding the need to purchase improved seeds. Fertiliser, on the
other hand, must be purchased in cash from formal vendors, making it more difficult to
adjust supply through social networks. In the context of rural Tanzania, another possible
explanation is that improved maize seeds are often more expensive and require timely
purchase at the beginning of the planting season. After a negative income shock,
households may face liquidity constraints and choose to rely on local seeds, which are freely
available or cheaper, even though they produce less output compared to improved seeds. In
contrast, inorganic fertilisers have limited substitutes, especially when soil fertility is poor—
farmers may view fertiliser as essential to ensure a minimum level of productivity, making
them more reluctant to reduce its use even under financial hardships, especially if they are
already farming on marginal land. It is also worth noting that Tanzania has a history of
fertiliser subsidy programs or government distribution schemes, which might reduce the out-
of-pocket cost of fertiliser for smallholders. This would cushion the impact of income
shocks on fertiliser use. Improved seeds, however, are less commonly subsidised or
distributed, leaving farmers to bear the full cost. Another plausible explanation is that
improved seed performance is perceived to depend on ideal conditions and may depend
more heavily on complementary inputs such as good rains and fertilisers. Risk-averse
farmers may avoid this investment under uncertainty. Fertiliser, which is seen as more
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reliable in improving yields across a range of conditions, may be maintained as part of a
"safety-first" strategy. Another possible explanation is that while improved seeds require
upfront payment at the beginning of the season, fertilisers are sometimes purchased in
smaller quantities later in the season or incrementally. This difference in timing may allow
farmers to maintain fertiliser use despite earlier income shocks, while avoiding seed
purchases.

Table 2: Impact of negative income shock on agriculture intensification

(M) ) ()
Used improved Ln inorganic fertiliser Used inorganic
maize seeds (1/0) (Kg/ha) fertiliser (1/0)
Negative income shock (1/0) -0.0443" -0.00416 -0.00580
(0.0214) (0.0499) (0.0136)
Female-headed household (1/0) 0.0410 -0.0296 -0.0286
(0.0389) (0.109) (0.0302)
Household head's age -0.00204 -0.0117™ -0.00265™"
(0.00143) (0.00343) (0.000865)
Household head's years of schooling 0.00577 -0.0218" -0.00587"
(0.00658) (0.0121) (0.00338)
Number of adult working people 0.00538 -0.0168 -0.00462
(0.00859) (0.0194) (0.00545)
Ln value of assets 0.00101 0.0633™ 0.0185™
(0.0101) (0.0224) (0.00649)
Received extension advice (1/0) 0.126™ 0.345™ 0.102™
(0.0348) (0.0923) (0.0241)
Ln land holding in acres -0.00390 0.0146 0.0247"
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(0.0166) (0.0454) (0.0129)
Ln value of livestock in tropical units 0.0163™ 0.0128 0.00334
(0.00604) (0.0129) (0.00356)
Has a bank account (1/0) 0.0794" 0.320™ 0.0707™
(0.0402) (0.104) (0.0239)
Received remittances (1/0) 0.0556" -0.0392 -0.0141
(0.0270) (0.0671) (0.0183)
Borrowed other than from SHGs (1/0) 0.0914" 0.0137 -0.0297
(0.0438) (0.0931) (0.0270)
Household fixed effects Yes Yes Yes
Year*District effects Yes Yes Yes
Observations 2643 2643 2643

Robust standard errors in parentheses and are clustered at the cluster level. ***Significant at 1% level,
**significant at 5%, *significant at 10%. Estimates are weighted by attrition weights.

In Table 3, we disaggregate negative income shocks into two broad types: weather-related
negative income shocks vs health-related negative income shocks. This disaggregation
allows us to compare which of the two types is likely to be more harmful than the other.
Overall, the results reported in Table 3 broadly corroborate with those reported in Table 2.
We still find that negative income shock (both weather-related and health-related) is
negative and significantly related to adoption of improved maize seeds, but not the use of
inorganic fertiliser nor the amount of inorganic fertiliser used per hectare. However, the
magnitude of the coefficient is larger for health-related negative income shock—
smallholders who experienced health-related negative income shock are less likely to adopt
improved maize seeds by 10 percentage points than their counterparts who did not.

On the other hand, smallholders who experienced weather-related negative income shock in
period t-1 are less likely to use improved seeds in period t by 5.4 percentage points
compared to their counterparts who did not. These results suggest that the former is more
harmful to agricultural intensification than the latter. Our results on weather-related negative
income are implicitly in line with previous studies that show that households reduce
application of fertiliser and improved maize varieties, in response to adverse weather history
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(Sesmero et al., 2018; Mulungu et al., 2025). Similarly, previous studies have documented

that health shocks reduce the adoption of improved seeds and chemical fertilisers (e.g., see

Gebremariama and Tesfaye, 2018).

There are two plausible explanations for the differential impact of weather-related and

health-related negative income shocks on agricultural intensification—particularly the

adoption of improved maize seeds. First, in the context of rural Tanzania, health-related

income shocks often have several consequences for rural households. These include direct

costs that households incur, such as out-of-pocket medical expenses, which may be high

due to lack of health insurance in many rural Tanzanian communities. Households also

suffer indirect income loss. For example, when a household member (especially the primary

breadwinner) falls ill, it reduces their capacity to engage in both farm and non-farm income-

generating activities. Second, unlike weather-related shocks (e.g., droughts, floods), health

shocks can occur any time—even just before planting season—leaving households

unprepared to purchase inputs like improved seeds, which require early-season investment.

Table 3: Impact of weather- and health-related income shocks on agricultural intensification

©)

Weather-related income shock (1/0)

Health-related income shock (1/0)

Female-headed household (1/0)

Household head's age

Household head's years of schooling

Number of adult working people

(1)
Improved
seeds

(1/0)

-0.0584"

(0.0283)

0.0411
(0.0390)

-0.00194

(0.00144)

0.00561

(0.00662)

0.00544

(0.00864)
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(2) ©))
Ln )
) . Inorganic
inorganic =

- fertiliser
fertiliser )
(kg/ha)
0.0742 0.0128
(0.0685) (0.0179)
-0.0364 -0.0302
(0.110)  (0.0307)
-0.0118" -0.00267"

(0.000863

(0.00342) )
-0.0217* -0.00586"
(0.0121) (0.00338)
-0.0169  -0.00465
(0.0193) (0.00546)

(4)

Improve
d seeds
(1/0)

-0.102"*
(0.0390)
0.0428

(0.0388)
-0.00211

(0.00142
)

0.00643

(0.00658

0.00554

(0.00844

(5)

Ln
inorganic
fertiliser
(kg/ha)

-0.101
(0.104)
-0.0236
(0.108)
-0.0118™

(0.00343
)

-0.0211"

(0.0119)

-0.0167

(0.0192)

Inorganic
fertiliser
(1/0)

-0.0310
(0.0264)
-0.0272

(0.0302)

-0.00268"*
(0.000867)
-0.00566"
(0.00332)
-0.00457

(0.00541)
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Ln value of assets

Received extension advice (1/0)

Ln land holding in acres

Ln value of livestock in tropical units

Has a bank account (1/0)

Received remittances (1/0)

Borrowed other than from SHGs (1/0)

Household fixed effects

Year*District effects

Observations

Robust standard errors in parentheses and are clustered at the cluster level. ***Significant at 1% level,

0.000711

(0.0102)

0.119™

(0.0344)
-0.00462
(0.0168)

0.0161™

(0.00609)

0.0788™
(0.0401)
0.0553"
(0.0269)
0.0921*
(0.0438)
Yes

Yes

2643

0.0645™

(0.0223)

0.346™
(0.0914)
0.0158
(0.0454)

0.0122

(0.0128)

0.318™
(0.104)
-0.0428
(0.0662)
0.0109
(0.0927)
Yes

Yes

2643

0.0188™

(0.00648)

0.102"
(0.0239)
0.0250°"
(0.0129)

0.00317
(0.00354)

0.0703™
(0.0238)
-0.0150
(0.0181)
-0.0303
(0.0268)
Yes

Yes

2643

0.00169

(0.00999
)

0.124™

(0.0346)
-0.00337
(0.0167)
0.0160"

(0.00608
)

0.0782"
(0.0402)
0.0573"
(0.0272)
0.0854"
(0.0439)
Yes

Yes

2643

**gignificant at 5%, *significant at 10%. Estimates are weighted by attrition weights.

0.0634™

(0.0224)

0.349"
(0.0915)
0.0149
(0.0456)

0.0131

(0.0129)

0.320™
(0.104)
-0.0349
(0.0665)
0.00882
(0.0934)
Yes

Yes

2643

0.0186™

(0.00648)

0.103"*
(0.0239)
0.0248"
(0.0129)

0.00336

(0.00356)

0.0706™
(0.0238)
-0.0131
(0.0182)
-0.0313
(0.0269)
Yes

Yes

2643

Next in Table 4, we disaggregate the negative income shock by covariate and idiosyncratic

components. We find that idiosyncratic negative income shock is negatively and statistically

related to the adoption of improved maize seeds, but not to the use of inorganic fertiliser or

the amount of inorganic fertiliser. Smallholders who experienced idiosyncratic negative

income shocks over the previous two years are 8.8 percentage points less likely to adopt

improved maize seeds than their counterparts who did not. Surprisingly, exposure to a

covariate negative income shock during the previous two years is not statistically related to
the use of both inputs. Teklewold et al. (2013b) and Kassie et al. (2013) also find that
covariate shocks (rainfall shock) have a negative and mixed effect on the adoption of
agricultural innovations in Ethiopia and Tanzania, respectively.

The findings from Table 4—specifically that idiosyncratic negative income shocks

significantly reduce the adoption of improved maize seeds, while covariate shocks have no
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significant effect on either input—can be explained by several important contextual factors.
First, idiosyncratic shocks (e.g., household member iliness or death) affect individual
households rather than entire communities. In Tanzania, such shocks are unlikely to attract
external support such as government aid, leaving affected households to rely entirely on
their own savings, asset sales or community-based coping mechanisms. As a result, these
households often face severe liquidity constraints, reducing their ability to invest in inputs
like improved seeds, which require upfront cash at planting time. Conversely, covariate
shocks, which affect many households in the same area, are more likely to attract external
support (e.g., government aid, NGO relief support), softening the financial impact on
smallholder farmers. Second, idiosyncratic shocks often come with direct financial costs
(e.g., medical bills or funeral expenses) and indirect losses (e.g., reduced labour availability,
especially if the shock affects a working adult). These compounded costs can force
households to reprioritise spending, diverting resources away from non-essential inputs like
improved seeds. Another possible explanation is that idiosyncratic shocks are typically
unpredictable and can occur at any time, including just before or during the planting
season—precisely when resources are needed to purchase improved seeds. The inability to
anticipate or prepare for such shocks leads to more abrupt and severe reductions in input
investment. Covariate shocks, like droughts, often follow seasonal patterns or come with
early warning signs, allowing farmers to adjust plans or seek help in advance.

Table 4: Impact of covariate and idiosyncratic income shocks on agricultural intensification

(1M (2) ®3) 4) 5 (6)
Ln ) Ln .
. . Inorganic Improved | . Inorganic
Improved inorganic - inorganic -
- fertiliser  seeds - fertiliser
seeds (1/0) fertiliser fertiliser
(1/0) (1/0) (1/0)
(kg/ha) (kg/ha)
Covariate income shock
-0.0303 0.0148 -0.00332
(1/0)
(0.0231) (0.0534) (0.0139)
Idiosyncratic income shock
-0.0876™ -0.113 -0.0232
(1/0)
(0.0329) (0.0871) (0.0230)
Female-headed household
(1/0) 0.0385 -0.0312 -0.0289 0.0406 -0.0246 -0.0281
(0.0389) (0.109) (0.0303) (0.0389) (0.109) (0.0302)
Household head's age -0.00200 -0.0117*  -0.00265™ -0.00216 -0.0119™  0.00268™

*
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0.000864 0.00086
(0.00143) (0.00343) ( (0.00142) (0.00344) é)
Household head's years of . . . .
. 0.00564 -0.0218 -0.00589" 0.00597 -0.0214 -0.00581
schooling
0.00335
(0.00659) (0.0121) (0.00338) (0.00658) (0.0120) ;
Number of adult working
0.00561 -0.0170 -0.00460 0.00578 -0.0163 -0.00452
people
0.00543
(0.00864) (0.0194) (0.00547) (0.00848) (0.0192) §
Ln value of assets 0.000981 0.0637™ 0.0185™ 0.00192 0.0637™ 0.0187™
0.00647
(0.0102) (0.0224) (0.00649) (0.00998) (0.0223) ;
Received extension advice
0.125 0.342 0.102 0.125 0.351 0.103
(1/0)
(0.0348) (0.0937) (0.0244) (0.0346) (0.0915) (0.0239)
Ln land holding in acres -0.00392 0.0147 0.0247" -0.00313 0.0153 0.0249"
(0.0167) (0.0454) (0.0129) (0.0166) (0.0456) (0.0129)
Ln value of livestock in
. ) 0.0158 0.0127 0.00327 0.0164 0.0136 0.00343
tropical units
0.00355
(0.00609) (0.0129) (0.00356) (0.00607) (0.0129) ;
Has a bank account (1/0) 0.0774 0.320™ 0.0704™ 0.0770° 0.318™ 0.0702™
(0.0402) (0.104) (0.0239) (0.0403) (0.103) (0.0238)
Received remittances (1/0)  0.0541™ -0.0401 -0.0143 0.0567" -0.0343 -0.0135
(0.0270) (0.0667) (0.0183)  (0.0271) (0.0663) (0.0182)
Borrowed other than from i .
0.0929 0.0120 -0.0296 0.0830 0.00443 -0.0317
SHGs (1/0)
(0.0447) (0.0931) (0.0269) (0.0442) (0.0940) (0.0271)
Household fixed effects Yes Yes Yes Yes Yes Yes
Year*District effects Yes Yes Yes Yes Yes Yes
Observations 2643 2643 2643 2643 2643 2643
Robust standard errors in parentheses and are clustered at the cluster level. ***Significant at 1% level,
**significant at 5%, *significant at 10%. Estimates are weighted by attrition weights.
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To further check the robustness of the results, in Table A2, we use a drought indicator
constructed by using actual rainfall data. Although our main explanatory variable of interest
in this study is negative income shock, it is likely that because it comes from household self-
reported responses, it could be subjective since it likely depends on the respondents’
perceptions, which may be influenced by unobserved household experiences. Although the
use of household fixed effects should mitigate these unobserved time-invariant
characteristics, for robustness, we also use a drought indicator constructed from actual
rainfall data. This should serve as a good proxy for negative income shock and complement
the results presented earlier in Tables 3 and 4. As can be seen from Table A2, we still find
the same pattern. Smallholders who experienced drought are less likely to use improved
seeds than their counterparts who did not (column 1). The significance level is similar to
that obtained in Table 3 (column 1—weather-related negative income shock), although the
magnitude of the coefficient differs slightly. On the whole, our results align with the findings
of some previous studies (e.g., Sesmero et al., 2018), but also differ from some other
studies. For example, Mulungu et al. (2025) document that Zambian farmers who
experienced a drought in the previous growing season are less likely to use inorganic
fertiliser but more likely to use improved seeds. Makate et al. (2023) found that drought
shock exposure increases seed purchasing for both improved and local seeds in Malawi and
Tanzania while encouraging (discouraging) local (improved) seed purchases in Ethiopia.

6.2.2 The role of SACCOS and SHGs in cushioning members against negative income
shocks

In this section, we examine whether SACCOS and SHGs help members to cushion
themselves against negative income shocks (Eq. (2)) and report the results in Table 5. As
can be seen, in all three columns, neither the coefficients of the interaction term between
negative income shock and membership in SACCOS nor that of negative income shock and
SHGs membership are statistically significant. The finding that membership in SACCOS and
SHGs does not significantly mitigate the impact of negative income shocks on agricultural
intensification in rural Tanzania, as reported in Table 5, is both surprising and insightful.

There are several plausible explanations for this finding. First, in our sample we have limited
statistical power—only a few households are members in SACCOS (about 4%) and SHGs
(about 5.8%). With such small subgroups, it might be hard to detect statistically significant
effects even if real effects exist. Second, many of the shocks observed in the data, such as
drought and floods, crop diseases, and significant rises in agricultural input prices, tend to
affect almost all households in the locality. This is likely to make it impossible for members
to borrow or get assistance locally because each member is likely to be exposed to the
same negative income shock, hence in need of funds from the same sources (Mugizi,
2022b). Consequently, smallholders may not be insured locally through these channels.
Third, SACCOS and SHGs in rural Tanzania often operate with limited capital, and as a result,
they may only provide small, short-term loans that are insufficient to cover the cost of
agricultural inputs like improved seeds or fertiliser, especially following a substantial income
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shock. Relatedly, members of these institutions often face borrowing limits tied to their
savings. Those hit hardest by shocks are unlikely to access meaningful support, especially if
their savings are minimal. It is also possible that some groups, especially SHGs, may
prioritise saving over lending, meaning that even when shocks occur, members cannot draw
on funds quickly enough to maintain investment in inputs. In addition, even when loans are
accessed, members facing a negative income shock may use them to cover basic
consumption needs, medical expenses, or school fees rather than for agricultural inputs. In
such cases, the financial support might cushion overall welfare but not directly translate into
sustained agricultural intensification.
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Table 5: Role of SACCOS and SHGs in cushioning against negative income shocks

(1) (2) ©)

Improved seeds Ln inorganic Inorganic
(1/0) fertiliser (kg/ha)  fertiliser (1/0)
Negative income shock (1/0) -0.0477" 0.0102 -0.00142
(0.0216) (0.0552) (0.0145)
SACCOS member (1/0) -0.116 0.0857 0.0288
(0.0890) (0.232) (0.0601)
SHGs member (1/0) -0.0483 0.0777 0.0328
(0.0604) (0.136) (0.0417)
SACCOS member*income shock 0.128 -0.332 -0.0644
(0.104) (0.267) (0.0758)
SHG member* income shock -0.0217 -0.00740 -0.0265
(0.0821) (0.180) (0.0491)
Female-headed household (1/0) 0.0418 -0.0257 -0.0223
(0.0395) (0.107) (0.0293)
Household head's age -0.00173 -0.0112™ -0.00299""
(0.00145) (0.00342) (0.000897)
Household head's years of schooling 0.00595 -0.0203" -0.00557
(0.00653) (0.0121) (0.00341)
Number of adult working people 0.00627 -0.0163 -0.00665
(0.00876) (0.0195) (0.00559)
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Ln values of assets 0.00126 0.0645™ 0.0173™
(0.0101) (0.0232) (0.00657)
Received extension advice (1/0) 0.125™ 0.351™ 0.0999"™
(0.0356) (0.0931) (0.0241)
Ln land holding in acres -0.000993 0.00969 0.0236"
(0.0167) (0.0461) (0.0131)
Ln value of livestock in tropical units 0.0178™ 0.0127 0.00267
(0.00599) (0.0131) (0.00358)
Has a bank account (1/0) 0.0848™ 0.322™ 0.0685™
(0.0402) (0.102) (0.0240)
Received remittances (1/0) 0.0561" -0.0382 -0.0144
(0.0277) (0.0692) (0.0186)
Borrowed other than from SHGs (1/0) 0.0943™ 0.0112 -0.0268
(0.0443) (0.0953) (0.0274)
Yes Yes Yes
Year*District effects Yes Yes Yes
Observations 2643 2643 2643

Robust standard errors in parentheses and are clustered at the cluster level. ***Significant at 1% level,

**significant at 5%, *significant at 10%. Estimates are weighted by attrition weights.

Next in Table 6, we examine whether SACCOS and SHGs help members buffer themselves
against weather-related negative income shocks and health-related negative income shocks.
In columns 1-3, the coefficients of interaction between SACCOS membership and weather-
related negative income shock are positive but statistically significant in columns 2 and 3,
suggesting that membership in SACCOS helps members to cushion against weather-related
negative income shocks in the adoption of inorganic fertilisers. Similarly, in columns 1-3, the
interaction between SHGs membership and weather-related negative income shock is
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positive, although statistically significant only in column 1. This result suggests that
membership in SHGs does cushion members against the negative impact of weather-related
income shocks on the use of improved seeds but not on the use of inorganic fertiliser.

Concerning the role of membership in SACCOS and SHGs in mitigating the potential effects
of health-related negative income shock, in columns 4-6, the coefficient of the interaction
term between SACCOS membership and health-related negative income shock is positive
but statistically significant in columns 5 and 6. These findings suggest that membership in
SACCOS helps members to cushion against the harmful impact of health-related negative
income shock on the use of inorganic fertiliser but not the adoption of improved seeds. In
contrast, neither the adoption of improved maize seeds nor that of inorganic fertiliser is
insured by SHGs. Woldemichael and Gurmu (2018) also find that in rural Ethiopia, both
short-term and long-term health shocks are not insured through transfers from networks
such as friends, neighbours, and members of informal associations. Only networks related
to extended family members were found to provide assistance when health shocks were of
a long-term nature, such as disabilities.

There are three plausible explanations for the findings in Table 6, which show that SACCOS
and SHGs offer partial and differentiated protection against weather-and health-related
income shocks. First, SACCOS are formal institutions with relatively stronger financial
capacity and a good governance structure compared to SHGs. This may allow them to offer
larger loans and more flexible repayment terms—critical for responding to shocks. That is
why SACCOS are found to mitigate weather-related shocks by enabling members to
purchase inorganic fertiliser (columns 2 and 3) and buffer health-related shocks by helping
members maintain fertiliser use (columns 5 and 6), perhaps because health costs can be
directly offset through loans for medical bills, preserving funds for input purchases. In
contrast, SHGs are less formal and more socially oriented—typically operate as informal
savings groups, often with a social or mutual support focus rather than a credit-driven
financial model. They tend to offer smaller loans, making it harder for members to access
sufficient funds during large or unexpected shocks. That could partially explain why SHG
membership only buffers the use of improved seeds (column 1) during weather-related
shocks and not fertiliser—which is more capital-intensive.

Another possible explanation is that improved maize seeds are typically purchased once at
the beginning of the season, making their adoption more sensitive to liquidity at planting
time. Inorganic fertiliser is applied in multiple rounds, allowing more flexibility and
adjustment over time—and more opportunity to seek loans from SACCOS. Therefore,
SACCOS’ ability to offer larger loans throughout the growing season could be the reason
why SACCOS help maintain fertiliser use during both types of shocks. The nature and timing
of shocks could also explain the differentiated impacts. Weather-related shocks like drought
or floods are predictable and seasonal. This predictability may explain why both SACCOS
and SHGs, to varying degrees, help members cope with such shocks—because they allow
SACCOS and SHGs to plan and respond accordingly. On the other hand, health-related
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shocks are idiosyncratic and unpredictable, often requiring urgent attention, which may
exceed SHG capacity but fit better within the SACCOS model, especially if SACCOS offer
health-related emergency loans.

It is also worth noting that in rural Tanzania, SHGs are often composed of women and are
women-led. Because of that, group priorities may lean more toward consumption
smoothing, children’s needs, or savings for school fees rather than agricultural inputs. In
contrast, SACCOS tend to attract a more diverse membership, including men, which could
explain their stronger impact on agricultural input resilience.
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Table 6: Role of SACCOS and SHGs in cushioning against weather-and health-related income shock
(1) ) () (4) (5) (6)

Ln . Ln .
Inorganic ) ) Inorganic

= Improved inorganic
fertiliser

i o fertiliser
seeds (1/0) fertiliser (1/0) seeds (1/0) fertiliser (1/0)
(kg/ha) (kg/ha)

Improved inorganic

Weather-related income

-0.0804™ 0.0519 0.00898
shock (1/0)
(0.0305)  (0.0718)  (0.0187)

Health-related income
-0.112 -0.0835 -0.0280

shock (1/0)
(0.0423)  (0.0902)  (0.0239)
SACCOS member (1/0) -0.0484 -0.266" -0.0539 -0.0551 -0.155 -0.0312
(0.0594)  (0.137)  (0.0384) (0.0615)  (0.126)  (0.0344)
SHGs member (1/0) -0.103" 0.0715 0.0245 -0.0548 0.102 0.0333

(0.0528)  (0.0973)  (0.0323)  (0.0514)  (0.0966)  (0.0290)

SACCOS member*weather-

, 0.0758 0.885™ 0.265™
income shock

(0.131) (0.381) (0.109)
SHG member*weather-

0.253 0.0551 -0.0202

income shock
(0.0938) (0.198) (0.0495)

SACCOS member*health-

] 0.211 0.804™ 0.239"
income shock

(0.139)  (0.288)  (0.0993)

SHGs member*health-

) -0.0356 -0.0272 -0.0185
income shock

(0.101)  (0.397)  (0.0950)
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Female-headed household

(1/0) 0.0405 -0.0149 -0.00578" 0.0415 -0.0397 -0.0304
(0.0398) (0.108) (0.00341) (0.0393) (0.107) (0.0276)
Household head's age -0.00147 -0.0115™  -0.00697 -0.00209  -0.0109™  -0.00237""
(0.00148)  (0.00339) (0.00552) (0.00143) (0.00309) (0.000794)
Household head's years of . -
, 0.00611 -0.0207 0.0168 0.00653 -0.0112 -0.00345
schooling
(0.00657)  (0.0121) (0.00657) (0.00664) (0.0120) (0.00334)
Number of adult working
, 0.00628 -0.0177 0.0957 0.00509 -0.00359  -0.00118
population
(0.00882) (0.0195) (0.0241) (0.00840) (0.0188) (0.00517)
Ln value of assets 0.00156 0.0626™  0.0168™ 0.00200 0.0235 0.00831
(0.0103) (0.0231) (0.00657) (0.0100) (0.0217) (0.00603)
Received extension advice
0.125 0.340 0.0957 0.125 0.352 0.0945
(1/0)
(0.0358) (0.0929) (0.0241) (0.0352) (0.0872) (0.0230)
Ln land holding in acres -0.00378 0.0159 0.0252" -0.00159  -0.0334 0.0114
(0.0170) (0.0455) (0.0129) (0.0168) (0.0418) (0.0113)
Ln value of livestock in " "
, , 0.0169 0.0135 0.00273 0.0159 0.00275 0.000981
tropical units
(0.00607)  (0.0130) (0.00353) (0.00609) (0.0119) (0.00322)
Has a bank account (1/0)  0.0851" 0.317™ 0.0673™ 0.0850" 0.320™ 0.0779™
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(0.0403)  (0.100)  (0.0235) (0.0402)  (0.103)  (0.0242)

Received remittances (1/0) 0.0578™ -0.0488 -0.0171 0.0545" -0.0401 -0.00865

(0.0272)  (0.0679)  (0.0184) (0.0272)  (0.0668)  (0.0173)

Borrowed other than from

SHGS (1/0) 0.0901™ 0.0144 -0.0253 0.0846" -0.0230 -0.0303
(0.0448)  (0.0947)  (0.0271) (0.0442)  (0.116) (0.0323)
Household fixed effects Yes Yes Yes Yes Yes Yes
Year*District effects Yes Yes Yes Yes Yes Yes
Observations 2643 2643 2643 2643 2643 2643

Robust standard errors in parentheses and are clustered at the cluster level. ***Significant
at 1% level, **significant at 5%, *significant at 10%. Estimates are weighted by attrition
weights.

In Table 7, we present the results of the regressions that examine the relationship between
income shocks and membership in SACCOS and SHGs. Table 7 reveals a nuanced picture of
how SACCOS and SHGs mitigate covariate and idiosyncratic negative income shocks in rural
Tanzania. The coefficient of the interaction between the covariate negative income shock
and SACCOS membership in column 1 is positive and significant, suggesting that SACCOS
membership helps cushion households against some negative effects of covariate shocks.
However, the coefficient is negative and significant in columns 2 and 3 indicating that
SACCOS membership might not protect, and could even exacerbate, the adverse effects on
other dimensions of agricultural input use (e.g., fertiliser application). One possible
explanation for this pattern is that SACCOS may have some capacity to provide credit during
covariate shocks, helping households maintain certain investments like improved seed
adoption. At the same time, large-scale covariate shocks strain the collective resources of
SACCQOS, limiting their ability to provide adequate support for more capital-intensive inputs
such as fertiliser. Therefore, the negative coefficients might reflect resource constraints
within SACCOS during widespread shocks, forcing members to cut back on some inputs
despite being members.

Although coefficients are positive (columns 1-3), the results yielded no statistically
significant relationships between SHGs interaction with covariate shocks and inputs use.
These findings suggest that SHGs do not meaningfully cushion members from covariate
shocks. A possible interpretation of this finding is that SHGs operate on smaller, more
informal savings pools and rely heavily on member contributions, which are collectively
affected during covariate shocks. Since many members experience the shock
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simultaneously, SHGs lack sufficient mechanisms to provide adequate financial support
during widespread income declines. SHGs’ focus on social cohesion and smaller-scale
savings limits their ability to provide substantial loans or relief during covariate shocks.

Regarding idiosyncratic negative income shock, in columns 4-6, the non-significant
interaction terms between both SACCOS and SHGs with idiosyncratic shocks indicate that
these institutions do not significantly buffer households against individual-specific shocks
such as illness or job loss. These findings are less surprising if we consider the fact that
idiosyncratic shocks are unpredictable and affect only individual households, so they require
targeted and often urgent financial support. SACCOS and SHGs may lack sufficient tailored
emergency funds to address individual shocks promptly.

Table 7: Role of SACCOS and SHGs in cushioning against covariate and idiosyncratic income shocks
(1) ) @) (4) ©) ©)

Ln . Ln .
Improved Inorganic | Improved Inorganic

seeds |nor.g.an|c fertiliser seeds |nor.g.an|c fertiliser
fertiliser fertiliser
(1/0) (1/0) (1/0) (1/0)

(kg/ha) (kg/ha)

Covariate income shock (1/0) -0.0458™ 0.0344 0.00254

(0.0227) (0.0606)  (0.0154)

Idiosyncratic income shock
-0.100 -0.0909 -0.0195

(1/0)
(0.0350)  (0.0935)  (0.0242)
SACCOS member (1/0) -0.177%  0.146 0.0705 -0.0477  -0.135  -0.0199
(0.0824) (0.193)  (0.0549)  (0.0630) (0.137)  (0.0355)
SHGs member (1/0) -0.0883 0.0597  0.0186 -0.0766  0.120 0.0362

(0.0574) (0.113)  (0.0371)  (0.0530) (0.110)  (0.0339)

SACCOS member*covariate- " . .
. 0.269 -0.536 -0.164
income shock

(0.109)  (0.288)  (0.0872)
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SHGs member*covariate-
) 0.0914 0.0136 0.00345
income shock

(0.0876) (0.213) (0.0544)

SACCOS member*idiosyncratic

. 0.117 0.00944  0.0309
income shock

(0.120)  (0.320)  (0.0967)

SHGs member*idiosyncratic

] 0.139 -0.380 -0.104
income shock

(0.0948)  (0.291)  (0.0693)

Female-headed household

(1/0) 0.0454  -0.0420 -0.0326 0.0384 -0.0198 -0.0275

(0.0394) (0.110)  (0.0303)  (0.0393) (0.109)  (0.0304)

Household head's age -0.00209 -0.0114™ -0.00257™ -0.00209 -0.0118™ -0.00268™"

(0.00145) (0.00340) (0.000862) (0.00144) (0.00342) (0.000866)

Household head's years of

) 0.00586 -0.0213* -0.00587" 0.00575 -0.0202° -0.00552
schooling

(0.00664) (0.0121)  (0.00337) (0.00664) (0.0120)  (0.00337)

Number of adult working

people 0.00467 -0.0165 -0.00431 0.00539  -0.0167 -0.00450

(0.00858) (0.0195)  (0.00550)  (0.00839) (0.0191)  (0.00544)

Ln value of assets 0.000558 0.0645™  0.0189™ 0.00190  0.0637"" 0.0188™

(0.0102) (0.0225)  (0.00652)  (0.00999) (0.0225)  (0.00651)

Received extension advice

0.122™  0.359™ 0.106™ 0.127™ 0.356™ 0.103™
(1/0)
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Ln land holding in acres

Ln value of livestock in tropical
units

Has a bank account (1/0)

Received remittances (1/0)

Borrowed other than from
SHGs (1/0)

Household fixed effects
Year*District effects

Observations

Robust standard errors in parentheses and are clustered at the cluster level. ***Significant at 1% level,

(0.0352)

-0.00223

(0.0168)

0.0167™

(0.00611)

0.0833™

(0.0399)

0.0544™

(0.0272)

0.0908™

(0.0445)

Yes
Yes

2643

(0.0962)

0.0116

(0.0454)

0.0116

(0.0128)

0.324™

(0.103)

-0.0451

(0.0675)

0.0176

(0.0943)

Yes
Yes

2643

(0.0250)

0.0239"

(0.0128)

0.00286

(0.00353)

0.0700™"

(0.0240)

-0.0150

(0.0184)

-0.0280

(0.0272)

Yes
Yes

2643

(0.0353)

-0.000289

(0.0167)

0.0159™

(0.00611)

0.0820™

(0.0405)

0.0556™

(0.0271)

0.0866"

(0.0445)

Yes
Yes

2643

**gignificant at 5%, *significant at 10%. Estimates are weighted by attrition weights.

For robustness check, in Table A3, we investigate whether SACCOS and SHGs help
members cushion themselves against drought. The findings suggest that neither

(0.0921)

0.0125

(0.0459)

0.0150

(0.0132)

0.324™

(0.102)

-0.0400

(0.0674)

-0.00205

(0.0941)

Yes
Yes

2643

(0.0240)

0.0244"

(0.0129)

0.00375

(0.00359)

0.0706™

(0.0238)

-0.0146

(0.0184)

-0.0336

(0.0276)

Yes
Yes

2643

membership in SACCOS nor SHGs membership cushions members against the negative

impact of drought on agricultural intensification. The finding that neither SACCOS nor SHGs

cushions members against the negative impact of drought on agricultural intensification in

rural Tanzania is not surprising. This is because SACCOS and SHGs are “community-based

insurance mechanisms” and drought, a severe covariate shock affects the entire

communities simultaneously, leading to widespread crop failures and income loss. Because
drought impacts many members at once, both SACCOS and SHGs face high demand for

financial support, stretching their limited resources beyond capacity. This reduces their
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ability to provide effective cushioning, as they cannot generate enough funds internally to
compensate for the widespread losses. Consequently, members will end up not getting the
funds or will get too little that is likely to be devoted to more pressing needs rather than
investing in agricultural inputs. Another plausible explanation of the findings is that SACCOS
and SHGs in rural Tanzania often have limited capital reserves and savings, which are
insufficient to cover large-scale shocks like drought. These groups typically rely on member
contributions and repayments, both of which are not only small given the poverty level of
most smallholders, but also may be compromised during drought periods due to loss of
income.

6.2.3 Negative income shock and welfare

In Table 8, we present the estimation results of whether negative income shock affects
household welfare (Eq. (3)). The outcome variables are log of annual consumption per adult
equivalent and log of annual consumption per capita. The findings reveal no significant
relationship between negative income shock (of all types) and welfare among smallholders
in Tanzania. These findings are both interesting and somewhat counterintuitive. In the
context of rural Tanzania, several plausible explanations can help make sense of these
results. First, rural households often prioritize consumption smoothing over investment
smoothing, particularly in response to shocks. They may adjust non-essential expenditures,
draw down savings, sell small assets, borrow from informal sources, or rely on remittances
to protect food and basic consumption. As a result, welfare indicators like consumption
remain stable, even when agricultural investments like use of improved seeds or fertiliser
decline. Second, our measures of welfare may not fully capture non-monetary dimensions of
welfare loss, such as reductions in dietary quality. Households may also shift to home-
produced food or informal income sources like casual labour, keeping total consumption
levels stable, but at the cost of long-term well-being or asset depletion. Third, Tanzanian
rural communities often have strong informal support networks, including extended families,
neighbours, religious groups, or community-based mutual help systems. These networks
may provide food or cash during times of crisis, helping households maintain a minimum
standard of living despite shocks. It is possible that many of these self-reported shocks are
not large enough in magnitude, or not persistent enough, to create observable declines in
annual consumption. Relatedly, recall bias or under-reporting of income shocks or
consumption may weaken the observed relationship. Our consumption data are aggregated
annually, they might not capture short-term dips in welfare that are smoothed out over the
year. The equivalence scales used may also understate intra-household consumption
inequalities, particularly among children or elderly.
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Table 8: Impact of negative income shocks on household welfare

Negative income

0.0263
shock (1/0)

(0.0209)
Weather-related
income shock (1/0)
Health-related
income shock (1/0)
Female-headed

0.0148
household (1/0)

(0.0453)
Household head's "

-0.00293
age

(0.00136)
Household head's »

, 0.0143

years of schooling

(0.00602)
Number of adult

) -0.0482

working people

(0.00805)

Ln value of assets  0.0455™

(0.00762)

0.0226

(0.0219)

0.0197

(0.0468)

-0.00165

(0.00146)

0.0162™

(0.00621)

-0.0358™

(0.00800)

0.0494™

(0.00778)
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0.0253

(0.0277)

0.0156

(0.0453)

-0.00298™

(0.00136)

0.0144"

(0.00602)

-0.0483™

(0.00806)

0.0455™

(0.00767)

0.0316

(0.0292)

0.0195

(0.0468)

-0.00171

(0.00145)

0.0162™

(0.00621)

-0.0358™

(0.00797)

0.0496™

(0.00782)

0.0550

(0.0361)

0.0141

(0.0456)

-0.00289"

(0.00137)

0.0140™

(0.00600)

-0.0483™

(0.00805)

0.0451™

(0.00762)

0.0536

(0.0385)

0.0186

(0.0473)

-0.00161

(0.00147)

0.0158"

(0.00619)

-0.0358™

(0.00799)

0.0491™

(0.00779)
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Received extension

. 0.0162
advice (1/0)
(0.0364)
Ln land holding in
-0.00584
acres
(0.0173)

Ln value of livestock

_ ) ) 0.0126"
in tropical units

(0.00631)
Has a bank account

0.174
(1/0)

(0.0401)
Received any

, 0.00650

remittances (1/0)

(0.0259)

Borrowed other than

0.0185
from SHGs (1/0)

(0.0417)
Household fixed

Yes
effects
Year*District fixed

Yes
effects
Observations 2643

0.0222

(0.0381)

0.000929

(0.0182)

0.0139"

(0.00647)

0.178™

(0.0427)

-0.0119

(0.0263)

-0.00177

(0.0439)

Yes

Yes

2643

0.0203

(0.0369)

-0.00556

(0.0172)

0.0128™

(0.00627)

0.175™

(0.0399)

0.00707

(0.0259)

0.0185

(0.0414)

Yes

Yes

2643

0.0259

(0.0385)

0.00133

(0.0181)

0.0140"

(0.00640)

0.178™

(0.0425)

-0.0118

(0.0263)

-0.00211

(0.0432)

Yes

Yes

2643

0.0178

(0.0366)

-0.00613

(0.0173)

0.0128"

(0.00632)

0.175™

(0.0397)

0.00573

(0.0256)

0.0218

(0.0416)

Yes

Yes

2643

0.0234

(0.0384)

0.000658

(0.0182)

0.0141™

(0.00647)

0.178™

(0.0423)

-0.0128

(0.0260)

0.00130

(0.0435)

Yes

Yes

2643

Robust standard errors in parentheses and are clustered at the cluster level. In odd humber

columns, the outcome variable is In expenditure per adult equivalent. In even numbered

columns, the outcome variable is In expenditure per capita. Estimates are weighted by

attrition weights.
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Table 8 Contd: Impact of negative income shocks on household welfare

Covariate income shock

)
0.0237

(0.0230)

)
0.0215

(0.0239)

Idiosyncratic income shock (1/0)

Female-headed household (1/0)

Household head's age

Household head's years of
schooling

Number of adult working people

Ln value of assets

Received extension advice (1/0)

Ln land holding in acres

Ln value of livestock in tropical
units

Has a bank account (1/0)

Received remittances (1/0)

Borrowed other than from SHGs
(1/0)

0.0159
(0.0453)
-0.00295™

(0.00136)

0.0144™

(0.00601)
-0.0484
(0.00807)
0.0457"*
(0.00764)
0.0160
(0.0366)
-0.00578

(0.0173)

0.0130"

(0.00629)
0.175™
(0.0401)
0.00716

(0.0259)

0.0171

(0.0415)
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0.0205
(0.0469)
-0.00167

(0.00146)

0.0162™

(0.00621)
-0.0359™
(0.00800)
0.0496™
(0.00780)
0.0219
(0.0382)
0.000991

(0.0182)

0.0142™

(0.00643)
0.179"™
(0.0426)
-0.0113

(0.0263)

-0.00312

(0.0434)

0.0346
(0.0320)
0.0159
(0.0455)
-0.00288"

(0.00137)

0.0142"

(0.00601)
-0.0484™
(0.00808)
0.0450"
(0.00763)
0.0179
(0.0368)
-0.00618

(0.0173)

0.0128"

(0.00636)
0.175™
(0.0398)
0.00659

(0.0257)

0.0220

(0.0416)

0.0303
(0.0338)
0.0205

(0.0472)
-0.00161

(0.00147)
0.0161™

(0.00620)
-0.0359"
(0.00801)
0.0490™
(0.00779)
0.0237
(0.0385)
0.000630

(0.0182)
0.0140"

(0.00651)
0.179™
(0.0424)
-0.0118

(0.0261)
0.00127

(0.0439)
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Household fixed effects Yes Yes Yes Yes
Year*District fixed effects Yes Yes Yes Yes
Observations 2643 2643 2643 2643

Robust standard errors in parentheses and are clustered at the cluster level. In odd number columns, the
outcome variable is In expenditure per adult equivalent. In even numbered columns, the outcome variable is In
expenditure per capita. Estimates are weighted by attrition weights.

For robustness check, we use exposure to drought to examine whether it affects welfare. As
can be seen in Table A4, the finding—that exposure to drought in the previous year
significantly affects household welfare in the current year—is consistent with the known
vulnerabilities of smallholder households in rural Tanzania, where agriculture remains a
primary livelihood source. Several plausible explanations can help interpret this result. First,
in rural Tanzania, rain-fed agriculture dominates. Consequently, drought leads to crop failure,
lower yields, and reduced food availability, directly impacting household food security and
income. Since many households depend on farming for both subsistence and market sales,
drought significantly reduces their capacity to generate income and meet consumption
needs. In addition, drought leads to food shortages and often causes local food prices to
rise, especially in remote rural markets. Households that normally rely on own production
are forced to purchase food at higher prices, stretching already limited cash reserves and
reducing real consumption. Drought disrupts non-farm livelihoods as well. That is, even for
households with diversified income sources, drought may reduce casual labour
opportunities, agricultural wage employment, or even small-scale trading, particularly in
agricultural inputs and outputs. This collapse of local economic activity worsens household
vulnerability. Compared to other shocks, such as health or idiosyncratic shocks, drought
may result in longer-lasting and community-wide consequences that persist beyond the year
of the event. This helps explain why drought, unlike other types of income shocks analysed
earlier, is strongly associated with a decline in household welfare.

6.2.4 Negative income shock, SACCOS, SHGs and welfare

In Table 9, we examine whether SASCCOS and SHGs play any role in buffering members
against negative income shock. We find a positive and statistically significant relationship
between both membership in SACCOS and SHGs membership with household welfare.
However, the interaction term between SACCOS membership and exposure to negative
income shock albeit weak is negative contrary to our expectation. One possible explanation
for this finding is that SACCOS may not disburse emergency credit quickly or flexibly enough
to cushion immediate welfare losses during shocks. Members might already be servicing
loans, limiting their ability to borrow more during a shock—worsening financial strain.
Another plausible explanation is that SACCOS may prioritise saving and investment over
liquidity, which could make it less effective as a safety net during short-term crises.

Also, contrary to our expectation, the interaction term between SHGs membership and
exposure to negative income shock is negative. These findings suggest that SHG members
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are more likely to rely on these groups during shocks, but the support provided may be
insufficient to fully cushion the welfare loss. That is, SHGs may offer loans or support, but

the resources are often small and shared among many members—insufficient during

widespread shocks.

Table 9: Role of SACCOS and SHGs in mitigating negative income shocks

(1)
Negative income shock

0.0126
(1/0)

(0.0203)

SACCOS member (1/0)  0.125"

(0.0755)
SHGs member (1/0) 0.209™

(0.0663)
SACCOS

. -0.0994

member*income shock

(0.0856)
SHGs member*income

-0.142
shock

(0.0868)
Female-headed

0.0375
household (1/0)

(0.0392)

Household head's age -0.00116

(0.00113)

(2)
0.00948

(0.0211)

0.142

(0.0802)

0.208™

(0.0694)

-0.132

(0.0909)

-0.140

(0.0900)

0.0465

(0.0403)

0.0000690 -0.00288™

(0.00121)

©)
0.0346"

(0.0198)

0.137

(0.0712)

0.218™

(0.0638)

-0.108

(0.0831)

-0.146"

(0.0838)

0.0195

(0.0390)

(0.00118)

(4)
0.0315

(0.0206)

0.155™

(0.0764)

0.217™

(0.0664)

-0.141

(0.0885)

-0.144"

(0.0864)

0.0284

(0.0405)

-0.00166

(0.00127)

Q)
0.0463"

(0.0216)

0.299™

(0.0823)

0.230™

(0.0705)

-0.255™

(0.0936)

-0.192"

(0.0957)

0.0108

(0.0447)

-0.00277"

(0.00137)

©)
0.0453"

(0.0225)

0.340™

(0.0831)

0.244™

(0.0709)

-0.307™

(0.0953)

-0.210"

(0.0963)

0.0153

(0.0462)

-0.00148

(0.00146)

© Data & Evidence to End Extreme Poverty

44



SHOCKS, AGRICULTURAL INTENSIFICATION, SELF-HELP GROUPS, AND HOUSEHOLD WELFARE: PANEL EVIDENCE FROM

TANZANIA

Household head's years

. 0.0254™  0.0277™ 0.0167™ 0.0190"™ 0.0148" 0.0166™
of schooling
(0.00515) (0.00539) (0.00526) (0.00552) (0.00598) (0.00618)
Number of adult working
-0.0526 -0.0382 -0.0526 -0.0382"™ -0.0470 -0.0345
people
(0.00702) (0.00704) (0.00726) (0.00724) (0.00799) (0.00788)
Ln value of assets 0.0660™  0.0685™ 0.0327™ 0.0350™ 0.0466™  0.0507™
(0.00588) (0.00628) (0.00694) (0.00734) (0.00753) (0.00769)
Received extension
. 0.00242 0.00389  0.00925 0.0108 0.0121 0.0187
advice (1/0)
(0.0339) (0.0352) (0.0329) (0.0342) (0.0366) (0.0383)
Ln land holding in acres  -0.0351"  -0.0305° -0.0142 -0.00945 -0.0122 -0.00602
(0.0151)  (0.0158) (0.0150) (0.0157) (0.0178)  (0.0188)
Ln value of livestock in . " ) "
. . 0.00749 0.0100 0.0204 0.0230 0.0121 0.0133
tropical units
(0.00509) (0.00528) (0.00530) (0.00551) (0.00638) (0.00653)
Has a bank account (1/0) 0.149™ 0.150™ 0.140™ 0.140™  0.157™ 0.160™
(0.0340) (0.0362) (0.0339) (0.0361) (0.0399) (0.0427)
Received remittances .
(1/0) -0.0304 -0.0470 -0.0120 -0.0285  0.00899 -0.00908
(0.0247)  (0.0253) (0.0235)  (0.0240) (0.0264)  (0.0266)
Borrowed other than
0.00309 -0.0177 0.0401 0.0194 0.00714  -0.0145
from SHGs (1/0)
(0.0395) (0.0426) (0.0402) (0.0432) (0.0424) (0.0444)
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Household fixed effects  Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes

District*Year fixed
effects

Yes Yes

Observations 2643 2643 2643 2643 2643 2643

Robust standard errors in parentheses and are clustered at the cluster level. In odd-numbered columns, the
outcome variable is In expenditure per adult equivalent. In even-numbered columns, the outcome variable is In
expenditure per capita. Estimates are weighted by attrition weights.

In Table 10, we examine whether SACCOS and SHGs help members cushion against
weather-related income shock, health-related income shock, covariate income shock, or
idiosyncratic income shock. Again, we still find a positive and statistically significant
relationship between membership in these groups and the household. However, the
interaction terms between SACCOS membership and all these alternative measures of
income shock are not statistically significant, except for a few cases (columns 4, 7, and 8).
Surprisingly, contrary to our expectation, in some cases, the coefficient of the interaction
terms is negative and statistically significant. The positive association between

SACCOS/SHG membership and household welfare suggests these groups generally support

long-term wellbeing. However, the mostly insignificant or unexpectedly negative interaction

terms with income shocks point to limitations in how effectively these groups help

households cope during crises. The mixed results—where SACCOS membership is generally

associated with higher household welfare, but interaction terms with income shocks are
mostly insignificant or unexpectedly negative—could reflect several contextual realities in
rural Tanzania.

First, while SACCOS support long-term welfare (e.g., through savings and credit access),

they may not be structured for rapid or flexible support during shocks. In cases of covariate

shocks (e.g., drought, price shocks), both SACCOS and their members are affected
simultaneously, limiting the group’s ability to offer effective support. Also, during shocks,
members may face difficulty repaying loans, worsening financial stress and offsetting
welfare benefits. In short, while SACCOS membership supports general welfare, their
capacity to mitigate income shocks may be inconsistent, limited, or context-dependent.

Table 10: Role of SACCOS and SHGs in mitigating negative income shocks

(M) (2) ©) (4) () ©) (7) (8)

Weather-related
income shock 0.0284 0.0360
(1/0)

(0.0295) (0.0313)
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Health-related
income shock 0.0454 0.0427
(1/0)

(0.0390) (0.0414)

Covariate income

0.0436" 0.0436"
shock (1/0)
(0.0239)  (0.0248)

Idiosyncratic
income shock 0.0265 0.0202
(1/0)

(0.0333)  (0.0351)

SACCOS member

1/0) 0.134" 0.140% 0.125°  0.130°  0.276™  0.308™ 0.137"  0.136"
(0.0680) (0.0692) (0.0674) (0.0691) (0.0807) (0.0801) (0.0687) (0.0711)

SHGs member

. 0.119% 0.126 0.105*  0.107* 0171  0.177* 0.0933"°  0.0963*
(0.0506) (0.0522) (0.0475) (0.0497) (0.0605) (0.0617) (0.0482) (0.0507)

SACCOS*weather-
) -0.0698 -0.0788
income shock

(0.131) (0.152)

SHGs*weather-
income shock

0.00274 -0.0108

(0.0974) (0.0988) (0.119)  (0.118)

SACCOS*health-

] -0.0566 -0.0544
income shock
(0.117)  (0.116)

SHGs*health-
income shock

0.179 0.197"

(0.119)  (0.118)

SACCOS*covariat
e income shock

-0.286"  -0.335™

(0.111)  (0.114)

SHGs*covariate
) -0.142 -0.152
income shock
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(0.0975)  (0.0992)

SACCOS*idiosyncr

o -0.0900 -0.0539
atic income shock

(0.112)  (0.108)

SHGs*idiosyncrati

0.219* 0.224"
c shock

0.117)  (0.117)

Female-headed

0.0104 0.0142 0.00949 0.0137 0.00598 0.00934 0.0115 0.0155
household (1/0)

(0.0448) (0.0464) (0.0452) (0.0470) (0.0450) (0.0467) (0.0451) (0.0468)

0.00292" -0.00166 _ .. -0.00153 -0.00283™ -0.00153 -0.00276™ -0.00148
0.00282

Household head's
age

*

(0.0013 (0.0014 (0.00148 (0.00146 (0.00148
(0.00138) (0.00136) (0.00138)

7) 6) ) ) )

HousehOId headls Kk *kk Kk *%k *k *% K% *k
~0.0145" 0.0163" 0.0140™ 0.0158™ 0.0141 0.0158™ 0.0140 0.0159
years of schooling

(0.0060 (0.0062 (0.00624 (0.00633 (0.00624
(0.00605) (0.00610) (0.00604)

5) 6) ) ) )

Number Of adU|t - - *kk *kk *kk *kk *kk *kk
} . -0.0464™ -0.0339"" -0.0463™ -0.0336™ -0.0466™ -0.0341
working people 0.0465™ 0.0339

(0.0080 (0.0079 (0.00791 (0.00784 (0.00794
(0.00800) (0.00795) (0.00803)

1) 0) ) ) )
Ln value of assets 0.0468™ 0.0509" 0.0459"" 0.0499™ 0.0466™ 0.0506™ 0.0459™"  0.0499"

(0.0076 (0.0078 (0.00782 (0.00774 (0.00781
(0.00767) (0.00760) (0.00766)

8) 2) ) ) )

Received
extension advice 0.0133 0.0184 0.00997 0.0152 0.0136 0.0203 0.0104 0.0156
(1/0)

(0.0370) (0.0387) (0.0369) (0.0387) (0.0368) (0.0385) (0.0370) (0.0388)

Ln land holding in
acres -0.00938 -0.00259 -0.00914 -0.00241 -0.00914 -0.00253 -0.00972 -0.00280

(0.0174) (0.0183) (0.0173) (0.0182) (0.0175) (0.0184) (0.0174) (0.0183)
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Ln value of

livestock in 0.0127% 0.0140" 0.0125™ 0.0137" 0.0119" 0.0130" 0.0122" 0.0134™

tropical units

(0.0063 (0.0064 (0.00648 (0.00641 (0.00652

3 o) (0.00631)) (0.00626) \ (0.00634) \

Has a bank

0.161™ 0.164™ 0.160™ 0.163™ 0.161™  0.164™ 0.159™  0.163™

account (1/0)

(0.0396) (0.0421) (0.0394) (0.0418) (0.0394) (0.0420) (0.0395) (0.0418)

Received

0.0110 -0.00777 0.0104  -0.00790 0.00884 -0.00964 0.0116 -0.00694

remittances (1/0)

(0.0262) (0.0264) (0.0259) (0.0262) (0.0260) (0.0261) (0.0260) (0.0262)

Borrowed other

than from SHGs  0.0157 -0.00483 0.0209  0.000426 0.0176 -0.00211 0.0227 0.00211

(1/0)

(0.0419) (0.0438) (0.0420) (0.0441) (0.0426) (0.0446) (0.0416) (0.0439)

Household fixed

Yes Yes Yes Yes Yes Yes Yes Yes
effects
District*Year fixed

Yes Yes Yes Yes Yes Yes Yes Yes
effects
Observations 2643 2643 2643 2643 2643 2643 2643 2643

Robust standard errors in parentheses and are clustered at the cluster level. In odd number columns, the
outcome variable is In expenditure per adult equivalent. In even numbered columns, the outcome variable is In
expenditure per capita. Estimates are weighted by attrition weights.

Lastly, for robustness check, in Table A5, we examine whether SACCOS and SHGs help
members buffer against drought. The findings show a positive and statistically significant
relationship between membership in SACCOS and SHGs and household welfare. We also
find a positive and statistically significant relationship between SACCOS membership and
drought interaction terms and welfare. This finding likely reflects the role of SACCOS in
enhancing drought resilience. A possible explanation for this finding is that SACCOS may
provide loans that help members smooth consumption or invest in drought-coping
strategies (e.g., water storage, buying food). It is also possible that members may engage in
off-farm activities supported by SACCOS financing, reducing dependence on rain-fed
agriculture.

However, we do not find a significant relationship between SHG and drought interactions
and welfare. This finding suggests that SHGs do not mitigate the potential effects of
drought on welfare. The lack of a significant relationship between SHG and drought
interactions and household welfare in rural Tanzania may suggest that SHGs are less
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effective in buffering drought impacts. This could be because SHGs have limited financial
resources, which may be inadequate during widespread shocks like drought. In addition,
since drought affects many members simultaneously, SHGs may be overwhelmed and
unable to offer meaningful support. Relatedly, some SHGs often emphasize savings and
group solidarity over quick access to liquidity during crises. Informal mechanisms like SHGs
tend to fail during droughts because everyone in the network is affected simultaneously.
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7  Conclusion and policy implications

The last few years have seen an increased interest in the investigation of the impact of
exposure to negative shocks on several outcomes. The vast majority of the work in this area
has focused on the examination of the impact of either aggregate or categorically specific
negative shocks. This study examines how diverse adverse events generating income loss
affect agricultural intensification and welfare. It attempts to uniquely distinguish between
covariate and idiosyncratic shocks, as well as weather-related versus health-related income
shocks, revealing previously unexplored heterogeneities in impacts. Furthermore, despite
the recognised potential of SACCOS and SHGs as shock buffers in Sub-Saharan Africa
(SSA), rigorous empirical evidence on their effectiveness remains scarce and often lacks
sub-national granularity. Using nationally representative Tanzanian data, this paper
contributes novel empirical evidence on the capacity of informal financial associations to
mitigate shock impacts on households in SSA, enhancing generalizability across
comparable regional contexts.

The analysis reveals that households experiencing any negative income shock exhibit a 4-
percentage point (pp) reduction in improved seed adoption, while inorganic fertiliser use
remains unaffected. This suggests that farmers prioritise maintaining high-return, less
substitutable inputs (fertiliser) over lower-return, more substitutable ones (seeds) following
shocks. Disaggregation reveals that both weather-related (5.4 pp reduction) and health-
related (10.0 pp reduction) shocks significantly decrease seed adoption, with health shocks
having the most substantial adverse effect. The severity of health shocks likely arises from
direct financial burdens (e.g., high out-of-pocket medical costs), indirect income losses from
reduced labour capacity, and their unpredictable timing, which hinders input planning.
Furthermore, idiosyncratic shocks significantly reduce improved seed adoption by 8.8
percentage points, whereas covariate shocks show no significant effect. This disparity likely
arises from limited external support for idiosyncratic shocks, forcing households to rely on
constrained personal resources, aggravated by direct financial costs and lost labour income.

The analysis further reveals that SACCOS and SHG membership fail to mitigate the adverse
effects of aggregate negative income shocks on agricultural intensification. Covariate
shocks affecting entire communities strain collective resources, while institutional
constraints—limited capital pools, restrictive borrowing limits tied to savings, small short-
term loans, and in SHGs, a primary focus on savings over lending—limit meaningful financial
support for farm inputs post-shock. Funds accessed are often diverted to immediate
consumption or health/education needs, supporting welfare but not intensification.
Disaggregating shocks reveals differentiated institutional buffering: SACCOS partially
mitigated weather- and health-related shocks for inorganic fertiliser use; whereas

SHGs partially mitigated only weather-related shocks for improved seed use. This
differential efficacy underscores SACCOS' greater formality, financial capacity, and flexible
loan products compared to SHGs' informal structure, limited capital, and smaller, socially-
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oriented loans. Fertiliser's seasonal application timing also allows better loan alignment
than seeds' upfront cost.

Regarding shock type, for covariate shocks, SACCOS offered partial protection for improved
seed adoption (but not fertiliser), constrained by resource limitations during widespread
distress. SHGs provided no significant buffering due to their structure and resource
dependence. For idiosyncratic shocks, neither institution significantly cushioned impacts,
likely due to limited emergency funds and unpredictable timing.

Counter to expectations, the analysis reveals no significant association between aggregate
negative income shocks (or their disaggregation by source or type) and household welfare
among Tanzanian smallholders. This null finding likely reflects households' effective coping
strategies—consumption smoothing by reducing non-essential spending, savings
drawdowns, asset sales, informal borrowing, and remittances—preserving total consumption
despite reduced agricultural input use. Additionally, standard welfare indicators may
inadequately capture non-monetary losses (e.g., dietary quality decline, asset depletion) or
intra-household disparities. Strong informal support networks further buffer welfare against
individual shocks. However, robustness checks using objective drought exposure data
reveal a significant negative impact on welfare, aligning with the vulnerability of rain-fed
agriculture. Drought-induced pathways include: crop failure/lower yields, reducing food
availability and sales income; increased local food prices, depleting cash reserves and
lowering real consumption; and reduced non-farm income from agricultural labour and local
trade due to broader economic disruption.

The findings reveal a positive baseline association between SACCOS/SHG membership and
household welfare. However, interaction terms between membership and aggregate
negative income shocks show modest negative associations, contrary to expectations. This
pattern persists across disaggregated shocks (weather-related, health-related, covariate,
idiosyncratic), with interactions largely insignificant or unexpectedly negative. These
findings suggest limited institutional capacity to mitigate welfare losses during crises. For
SACCOS, contributing factors may include restricted emergency credit access, existing loan
burdens, and a focus on long-term investment over short-term liquidity. For SHGs, typically,
small and shared resources prove insufficient during widespread shocks. A notable
exception emerges with objective drought exposure: SACCOS membership demonstrates a
significant positive interaction, potentially enabling consumption smoothing or drought-
coping investments, while SHGs show no such buffering effect. Nevertheless, the
interpretation requires caution due to small membership subgroups (SACCOS: ~4%; SHGs:
~5.8%), which may limit statistical power to detect effects despite real impacts.

The findings yield important policy implications. First, the significant reduction in improved
seed adoption following income shocks underscores the need for targeted input subsidies
or seed voucher programs to support liquidity-constrained households. Second, enhancing
the shock-responsiveness of rural financial institutions is critical. Policymakers should
implement interventions strengthening rural financial institutions, specifically through
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capital infusion initiatives, forging formal sector partnerships, establishing structured risk-
pooling arrangements, and designing adaptable emergency credit facilities. Such
enhancements are particularly crucial for mitigating the effects of covariate shocks.
Concurrently, support for SHGs requires tailored approaches, including specialized training
programs and loan products explicitly synchronized with agricultural production cycles.
Furthermore, while self-reported income shocks exhibited no discernible impact on welfare
metrics—potentially attributable to household consumption smoothing mechanisms—the
robustness analysis utilizing objective drought exposure data underscores the critical
necessity of advancing climate-resilient agricultural practices, scaling up targeted drought
relief programs, and ensuring broad accessibility of crop insurance products. Strategically
deploying SACCOS' established efficacy in drought scenarios, via financing mechanisms
directed towards proven coping strategies, represents a valuable policy avenue. Finally, the
stability observed in aggregate consumption measures may obscure latent vulnerabilities,
such as asset depletion; consequently, instituting more comprehensive welfare evaluations
and robust social safety nets remains imperative. Enhancing the institutional capacity of
financial associations to navigate these complex, interrelated challenges is of paramount
importance.
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Appendices

Table A1: Determinants of attrition (Probit)

Household characteristics in 2015

1 if female-headed household

Household head'’s age

Household head’s years of
schooling

Household size

Asset index

Ln landholding (acre)

Value of livestock in tropical unit

Constant

Regional dummies

Observations

(1)

att

-0.0638
(0.0832)
-0.00828%**
(0.00268)

-0.000703
(0.00949)
-0.127%**
(0.0245)
0.0233*
(0.0137)
-0.0875%**
(0.0177)
0.01711**
(0.00560)
-0.979%**
(0.240)
Yes

3,352

)

att
-0.0389
(0.0844)
-0.0708***
(0.00264)

-0.00144
(0.00927)
-0.1371***
(0.0257)
0.0327**
(0.0133)
-0.0778***
(0.0156)
0.0123**
(0.00595)
-0.5717***
(0.167)
No

3,352

Robust standard errors are in parentheses. Asterisks ***, ** and * represent significance at

the 1%, 5%, and 10% levels, respectively.
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Table A2: Impact of drought exposure on agricultural intensification

(1) () ®3) (4) () (6)

Improved Ln Inorganic  Improved Ln Inorganic

seeds inorganic fertiliser seeds inorganic fertiliser

(1/0) fertiliser (1/0) (1/0) fertiliser (1/0)

(kg/ha) (kg/ha)

Drought shock  -0.0683™ -0.0834 -0.0261
(1/0)

(0.0337) (0.0871) (0.0221)
Drought shock -0.0330  -0.156™ -0.0590™
(1/0)

(0.0500) (0.0646) (0.0211)

Female-headed 0.0240 -0.0409 -0.0308 0.0262 -0.0386 -0.0301
household
(1/0)

(0.0369) (0.101) (0.0275) (0.0370) (0.102) (0.0277)
Household -0.00160 -0.0112™ -0.00248™ -0.00147 -0.0110™ -0.00237™
head's age

(0.00124) (0.00315) (0.000804) (0.00124) (0.00313) (0.000801)
Household 0.0133™  -0.0125 -0.00382 0.0134™ -0.0119 -0.00358
head's years of
schooling

(0.00550) (0.0122) (0.00338) (0.00550) (0.0123) (0.00339)
Number of 0.00734  -0.00555 -0.00178 0.00818 -0.00328 -0.000920
adult working
population

(0.00795) (0.0188) (0.00521)  (0.00797) (0.0191) (0.00526)
Ln value of 0.000335 0.0235 0.00836 -0.00126 0.0210 0.00746
assets

(0.00804) (0.0218) (0.00607) (0.00812) (0.0217) (0.00603)
Received 0.141™ 0.360™ 0.0976™ 0.137™ 0.356™ 0.0960™
extension
advice (1/0)

(0.0330) (0.0870) (0.0230) (0.0329) (0.0869) (0.0229)
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Ln land holding -0.0141 -0.0329
in acres

(0.0147)  (0.0415)

Ln value of 0.0120™  0.00267
livestock in
tropical units

(0.00537) (0.0118)

Has a bank 0.0252 0.320™
account (1/0)

(0.0373)  (0.103)

Received 0.0636™ -0.0382
remittances
(1/0)

(0.0241)  (0.0656)

Borrowed other 0.0706" -0.0186
than from
SHGs (1/0)

(0.0400)  (0.116)

Household Yes Yes
fixed effects

Year*District Yes Yes
effects
Observations 2643 2643

0.0114

(0.0113)

0.000946

(0.00320)

0.0787™

(0.0240)

-0.00845

(0.0172)
-0.0290

(0.0321)

Yes

Yes

2643

-0.0132

(0.0148)

0.0120"

(0.00536)

0.0227

(0.0374)

0.0640™

(0.0243)
0.0722"

(0.0404)

Yes

Yes

2643

-0.0329

(0.0413)

0.00214

(0.0118)

0.314™

(0.103)

-0.0382

(0.0654)
-0.0212

(0.116)

Yes

Yes

2643

0.0114

(0.0112)

0.000716

(0.00321)

0.0765™

(0.0241)

-0.00846

(0.0172)
-0.0303

(0.0321)

Yes

Yes

2643

Robust standard errors in parentheses and are clustered at the cluster level. ***Significant

at 1% level, **significant at 5%, *significant at 10%. Estimates are weighted by attrition

weights.
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Table A3: Role of SACCOS and SHGs in cushioning against drought shocks

(1) () ®3)
Improved Ln inorganic Inorganic
seeds (1/0) fertiliser fertiliser (1/0)
(kg/ha)
Drought shock (1/0) -0.0791" -0.0579 -0.0217
(0.0350) (0.0931) (0.0240)
SACCOS member (1/0) -0.0674 -0.0405 -0.00739
(0.0629) (0.153) (0.0382)
SHGs member (1/0) -0.0518 0.132 0.0396
(0.0465) (0.102) (0.0311)
SACCOS member*drought shock 0.0575 -0.0792 0.0173
(0.0909) (0.213) (0.0671)
SHGs member*drought shock 0.0818 -0.269 -0.0647
(0.144) (0.273) (0.0681)
Female-headed household (1/0) 0.0256 -0.0409 -0.0307
(0.0370) (0.102) (0.0277)
Household head's age -0.00159 -0.0111™ -0.00244™
(0.00125) (0.00311) (0.000796)
Household head's years of 0.0133™ -0.0119 -0.00368
schooling
(0.00554) (0.0122) (0.00338)
Number of adult working people 0.00751 -0.00596 -0.00176

© Data & Evidence to End Extreme Poverty

64



SHOCKS, AGRICULTURAL INTENSIFICATION, SELF-HELP GROUPS, AND HOUSEHOLD WELFARE: PANEL EVIDENCE FROM

TANZANIA

Ln value of assets

Received extension advice (1/0)

Ln land holding in acres

Ln value of livestock in tropical units

Has a bank account (1/0)

Received remittances (1/0)

Borrowed other than from SHGs
(1/0)

Household fixed effects
Year*District effects

Observations

(0.00800)

0.0000731
(0.00810)

0.144™
(0.0335)

-0.0136
(0.0149)

0.0121"
(0.00537)

0.0301
(0.0376)

0.0622"
(0.0242)

0.0712"

(0.0404)

Yes
Yes

2643

(0.0189)

0.0240
(0.0219)

0.359™
(0.0868)

-0.0337
(0.0416)

0.00267
(0.0118)

0.317™
(0.103)

-0.0365
(0.0655)

-0.0193

(0.117)

Yes
Yes

2643

(0.00522)

0.00841
(0.00609)

0.0969"
(0.0230)

0.0113
(0.0113)

0.000976
(0.00322)

0.0767"
(0.0241)

-0.00786
(0.0173)

-0.0281

(0.0322)

Yes
Yes

2643

Robust standard errors in parentheses and are clustered at the cluster level. ***Significant

at 1% level, **significant at 5%, *significant at 10%. Estimates are weighted by attrition

weights.
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Table A4: Impact of drought shocks on household welfare

(M 2) (3) (4) (7) (8)

Drought shock (1/0) - -0.154™ -0.0739™ - -0.388™ -
0.160™ 0.0658" 0.330™

*

(0.0232 (0.0240) (0.0256)  (0.0265 (0.136)  (0.0937
) ) )

Female-headed 0.0300 0.0392 0.0226 0.0316 0.0176 0.0221
household (1/0)

(0.0392 (0.0406) (0.0393)  (0.0408 (0.0455) (0.0471
) ) )

Household head's - - -0.00325™" - - -

age 0.0021 0.00092 0.0020 0.00290 0.0016
6" 2 3 > 2
(0.0011 (0.0012 (0.00116)  (0.0012 (0.0013  (0.0014
2) 0) 5) 6) 6)

Household head's 0.0223" 0.0246™ 0.0162™  0.0184" 0.0145" 0.0163"
years of schooling ** * ** o

(0.0052 (0.0054 (0.00532) (0.0055 (0.0060 (0.0062
5) 7) 5) 3) 3)

Number of adult - - -0.0530™ - - -
working people 0.0536" 0.0391" 0.0386" 0.0485™ 0.0360"

*% * *% * *%

(0.0069 (0.0069 (0.00719)  (0.0071 (0.0081 (0.0080
1) 2) 7) 0) 2)

Ln value of assets 0.0587" 0.0615" 0.0335™ 0.0357° 0.0453™ 0.0492

*% * *% * *%

(0.0056 (0.0060 (0.00696) (0.0073 (0.0076 (0.0077
6) 1) 7) 3) 9
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Received extension 0.0161 0.0157
advice (1/0)

(0.0341 (0.0354)

Ln land holding in - -0.0224
acres 0.0272"

(0.0147 (0.0154)
)

Ln value of livestock 0.0110° 0.0134™

* *

in tropical units

(0.0049 (0.0051
9 7)

Has a bank account  0.160™ 0.160™
(1/0)

(0.0338  (0.0359)
)

Received -0.0245 -0.0417"
remittances (1/0)

(0.0238 (0.0245)

Borrowed other than 0.0094 -0.0116

from SHGs (1/0) 0

(0.0399  (0.0430)

0.0177

(0.0331)

-0.0114

(0.0148)

0.0203™

(0.00527)

0.151™

(0.0341)

-0.0105

(0.0230)

0.0391

(0.0405)

0.0174

(0.0344
)

0.0061
9

(0.0155
)

0.0230"

*%

(0.0054
7)

0.151™

(0.0362
)

-0.0274

(0.0236
)

0.0189

(0.0435
)

0.0198

(0.0369)

0.00537

(0.0174)

0.0129™

(0.0063
0)

0.174™

(0.0399)

0.00982

(0.0258)

0.0199

(0.0418)

0.0253

(0.0385
)

0.0013

(0.0183
)

0.0142"

*

(0.0064
4)

0.178™

(0.0425
)

0.0090
1

(0.0262
)

0.0005
94

(0.0440
)
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Household fixed Yes Yes Yes Yes Yes Yes
effects

Year fixed effects Yes Yes

Year*District fixed Yes Yes
effects

Observations 2643 2643 2643 2643 2643 2643

Robust standard errors in parentheses and are clustered at the cluster level. In odd number
columns, the outcome variable is In expenditure per adult equivalent. In even numbered
columns, the outcome variable is In expenditure per capita. *p < 0.10, " p < 0.05, ™ p < 0.01.
Estimates are weighted by attrition weights.

Table A5: Role of SACCOS and SHGs in mitigating drought shocks

M ) ©) (4) (7) (8)

Drought shock (1/0) -0.162™ -0.153™ -0.0718™ -0.0611™ -0.389™ -0.333™

(0.0251) (0.0262) (0.0275) (0.0286) (0.144) (0.100)
SACCOS member 0.0204 0.0160  0.0199 0.0155  0.0470 0.0502
(1/0)

(0.0602) (0.0650) (0.0593) (0.0638) (0.0756) (0.0785)
SHGs member (1/0)  0.127™ 0.136™ 0.148™ 0.157" 0.138™ 0.150™

(0.0453) (0.0471) (0.0444) (0.0460) (0.0523) (0.0548)
SACCOS 0.175 0.177 0.191" 0.194" 0.303™ 0.309™
member*drought

(0.105) (0.117)  (0.101) (0.1706)  (0.109) (0.111)
SHGs -0.0680 -0.118 -0.0880 -0.139 -0.0631 -0.115
member*drought

(0.0814) (0.0952) (0.0754) (0.0893) (0.0934) (0.104)
Female-headed 0.0303 0.0396  0.0226 0.0318 0.0150 0.0192
household (1/0)

(0.0392)  (0.0408) (0.0392) (0.0410) (0.0452)  (0.0470)
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Household head's -0.00200" - -0.00309™  -0.00189 -0.00286™ -0.00160
age 0.00075
8
(0.00113) (0.0012 (0.00118) (0.0012  (0.00137) (0.00147)
1) 7)
Household head's 0.0228™ 0.0252™ 0.0166™ 0.0188™ 0.0146™ 0.0164™
years of schooling
(0.00526) (0.0054 (0.00532) (0.0055 (0.00606) (0.00627)
9 7)
Number of adult -0.0527™ - -0.0520™ - -0.0461™ -0.0336™
working people 0.0383™ 0.0377™
(0.00692) (0.0069 (0.00722) (0.0071  (0.00809) (0.00799)
1) 8)
Ln value of assets 0.0594™ 0.0623™ 0.0334™ 0.0356™ 0.0453™ 0.0492™
(0.00568) (0.0060 (0.00697) (0.0074 (0.00763) (0.00780)
5) 0)
Received extension  0.0117 0.0111 0.0129 0.0123 0.0132 0.0176
advice (1/0)
(0.0343) (0.0356) (0.0333) (0.0346) (0.0370) (0.0388)
Ln land holding in -0.0293" -0.0242 -0.0132 -0.00767 -0.00794 -
acres 0.000938
(0.0149) (0.0155) (0.0149) (0.0157) (0.0177) (0.0186)
Ln value of livestock 0.0110" 0.0134™ 0.0206™ 0.0233™ 0.0130™ 0.0143™
in tropical units
(0.00501) (0.0052 (0.00528) (0.0055 (0.00634) (0.00651)
1) 0)
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Has a bank account  0.150™
(1/0)

(0.0336)
Received -0.0232
remittances (1/0)

(0.0240)

Borrowed other than 0.0143
from SHGs (1/0)

(0.0398)

Household fixed Yes
effects

Year fixed effects

District*Year fixed
effects

Observations 2643

0.150™

(0.0358)

-0.0400

(0.0247)

0.00664
(0.0430)

Yes

2643

0.140™

(0.0335)

-0.00856

(0.0231)

0.0457

(0.0405)

Yes

Yes

2643

0.139™

(0.0356)

-0.0250

(0.0237)

0.0256

(0.0437)

Yes

Yes

2643

0.160™

(0.0393)

0.0163

(0.0258)

0.0234

(0.0422)

Yes

Yes

2643

0.162™

(0.0419)

-0.00176

(0.0261)

0.00282

(0.0443)

Yes

Yes

2643

Robust standard errors in parentheses and are clustered at the cluster level. In odd number columns, the

outcome variable is In expenditure per adult equivalent. In even numbered columns, the outcome variable is In

expenditure per capita. "p < 0.10, ™ p < 0.05,

K,k

p < 0.01. Estimates are weighted by attrition weights.
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