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1. Introduction

There is limited evidence to date on the importance of joint decision-making by men and women in
producing desirable outcomes in agrarian households, especially in sub-Saharan Africa (FAO 2016;
Doss 2018; Doss and Quisumbing 2020).Thus far, most studies have focused on a strict gender
division in farming activity under the assumption of sole decision-making, utterly ignoring the
jointness and cooperation between men and women (e.g., Diiro et al. (2018); Teklewold et al.(2019)
;Doss and Quisumbing 2020). Such studies often conclude that any empowerment of women is key to
the pathway of sustainable development in the region (Doss 2018; Sariyev et al. 2020).

In this uncertain era of climate change, any strategy that can boost farm yield in resource-
poor, agriculture dependent regions should be explored. Especially considering that erratic changes in
weather and climate patterns are expected to affect the rain-fed agricultural systems in sub-Saharan
Africa more than other regions due to the already harsh conditions (Pironon et al. 2019). As it stands,
the global mean surface temperature is increasing by approximately 0.2°C +0.1°C per decade, and it is
projected to reach 1.5°C above pre-industrial period (1850-1900) in 2030-2052 (Eissler et al. 2019).
This has already affected global food production (Ray et al. 2019), and it is anticipated that, all things
constant, this will continue into the future. Also low adaptation levels still persist in the region mainly
due to limited resources (Tibesigwa et al. 2020), yet another strong reason to seek alternatives.

The limitation in the evidence linking joint decision-making to positive agrarian household
outcomes is partly due to unavailability of sex-disaggregated data documenting intra-household
allocation patterns (FAO 2016; Doss 2018; Seymour and Peterman 2018; Hidrobo et al. 2019; Acosta
et al. 2020; Doss and Quisumbing 2020). Most data is on heads of households, on the assumption that
they are key decision makers (Doss 2018; Acosta et al. 2020). Although this is not an unreasonable
assumption, it does not capture the intra-household decision making that is likely to occur. The joint
structure of most households means that women may contribute to decision-making in households
headed by men and vice versa (Doss 2018). Added to this, the existing studies focus on naive
estimation, assuming that joint decision-making is exogenous. However, in essence, there exists
selection bias from non-randomness as a result of self-selecting into either joint or sole decision-
making, driven by observed and unobserved systematic differences between joint-decision making
households and sole decision-making households. For example, beliefs, ability, social and cultural
norms (Doss 2018; Gebre et al. 2020; Gebre et al. 2020; Doss and Quisumbing 2020).

With this in mind, the interest of this study is to gain a better understanding of joint decision-
making in agrarian households, and to determine its impact on yield and household outcomes. The
focus is on the heads of households, and whether their decisions on both crop farm production and
consumption are made jointly with their partners or independently. A number of studies provide some
evidence; see Bjornlund et al. (2019); Hidrobo et al. (2019); Sariyev et al. (2020). The contribution of
this study is at least two-fold: first, we estimate whether joint decision-making does indeed produce
better outcomes in comparison to sole decision-making by using robust methods so as to correctly
identify the relationships. This is achieved by using the endogenous treatment effects framework,
which mutes selection bias. Second, we consider both production and consumption outcomes in
Namibia.

Namibia is located in the southern part of sub-Saharan Africa and borders the Atlantic Ocean
in the west. It is one of the driest countries, with 92% of the land being arid and receiving a single wet
season, with low rainfall and high temperature (Halle and Bruzon 2007; Taapopi et al. 2018), placing
the country at a higher scale of vulnerability to global warming. About 70% of Namibians depend on



smallholder subsistence farms, and agriculture contributes 3.7% to GDP. Analysis is based on
randomly selected households who engage in smallholder agriculture in the Omusati, Oshana and
Oshikoto regions of Namibia. For the sake of robustness, we use various production outcomes: (i) the
total value of crop farming, (ii) the number of climate-smart agricultural practices, (iii) satisfaction
with crop farming, and (iv) the size, in acres, of the main crop (millet). We also include three
consumption outcomes: (i) per capita household food expenditure, (ii) a food insecurity dummy, and
(iii) the number of months that the household did not have enough food.

The results show that households with joint decision-making have higher yield, adopt more
climate-smart agricultural practices, and have better household outcomes in comparison to households
with sole decision-making by the head of household. Our estimation strategy is robust to selection
bias caused by unobserved systematic differences, and further validated by a couple of placebo tests.

The findings from this study provide important information to inform policy on how joint
decision-making may promote climate-smart agricultural practices that increase farm productivity and
improve household outcomes. Policy needs to consider promoting and extending support to
households with joint decision-making, not only to women-headed households, as has often been the
case. Our results emphasize that women’s roles go far beyond the traditional distinction between men-
and women-headed households.

The paper is structured as follows. The next section provides a review on joint decision-
making in intra-household decision-making and smallholder climate-smart agriculture. This is
followed by section 3 on data, variable description, estimation methods and robustness tests. The
results are explained in section 4, and a conclusion is provided in section 5.

2. Sub-Saharan Africa agrarian households, joint decision-making and climate-
smart agriculture practices

Much has been written about the sub-Saharan African agrarian household, mainly with a development
agenda and now tied to the Sustainable Development Goals. This is because a typical household
depends on smallholder rain-fed agriculture, characterised by low input use due to limited resources,
where the household is a unit of production and consumption. Because of this, production and
consumption are linked to the individual managing the household or making decisions for the
household.

To say that gender is important in sub-Saharan Africa is an understatement. Many studies
have highlighted the differences in production and consumption between men and women, especially
male-headed and female-headed households (Tibesigwa and Visser et al. 2016; Diiro et al. (2018);
Teklewold et al. 2019). While this research is limited by the availability of sex disaggregated data
(Doss 2018; Seymour and Peterman 2018; Hidrobo et al. 2019; Acosta et al. 2020; Doss and
Quisumbing 2020), it provides useful baseline insights on gender’s role in the smallholder farming
households in the region.

Recent studies have gone beyond household head status and traditional divisions of labour to
unpack intra-household behaviour in sub-Saharan African smallholder agriculture (Kiewisch 2015;
Doss 2018; Rao et al. 2019; Pelekamoyo and Umar 2019; Doss and Quisumbing 2020). This brings
together two strands of literature: intra-household bargaining and women’s empowerment (Hidrobo et
al. 2019; Bernard et al. 2020). In the case of agrarian households, household decision-making includes



production and consumption decisions?. The literature of household decision-making begins with the
unitary model of household behaviour, which assumes that the household is made up of a group of
individuals with similar preferences who pool their resources (Bernard et al. 2020). The decision-
maker may be a single person or a group of individuals within the household (Hidrobo et al. 2019;
Doss and Quisumbing 2020).

The collective models of household behaviour do not assume a single household welfare but
rather that individuals within a household have different preferences and bargain over production and
consumption outcomes (Doss and Quisumbing 2020; Bernard et al. 2020). The cooperative barganing
models, such as Nash bargaining models, fall within collective models, and are rooted in game theory
(Doss and Quisumbing 2020). The models assume that households reach Pareto-efficient outcomes
(Hidrobo et al. 2019). The non-cooperative bargaining models, such as separate spheres models, do
not assume Pareto efficiency, but rather test for it (Hidrobo et al. 2019; Bernard et al. 2020). A
common feature of the collective model, due to its roots in bargaining models, is its emphasis on
completion and rivalry among individuals within the households (Doss and Quisumbing 2020).

However, the fact that household members co-exist, raise children together, and share in
consumption suggests that there are gains to jointness in gender and family dynamics, even if
household members may not completely pool their resources (Doss and Quisumbing 2020).
Therefore, understanding individual roles and cooperation within households, including joint
decision-making, is important, especially for households who engage in production and consumption.
Thus far in the literature, jointness and cooperation either have been assumed or neglected altogether
in household behaviour analysis (Doss and Quisumbing 2020).

Globally, there is some desire to increase joint decision-making in households (Acosta et al.
2020). This is in line with the increased interest in empowering women and girls to achieve the
Sustainable Development Goals (Seymour and Peterman 2018). The desire is driven by the fact that
joint decision-making is considered to be a good metric for women’s bargaining power in the
household (Leigh et al. 2017; Seymour and Peterman 2018; Hidrobo et al. 2019; Acosta et al. 2020),
although these conceptual links remain blurry (Hidrobo et al. 2019). Any empowerment of women is
seen as an important pathway to sustainable development (Doss 2018; Sariyev et al. 2020), and goes
hand in hand with improved household outcomes (Acosta et al. 2020).

A large volume of literature has shown that the impacts of climate change on smallholder
agriculture can be reduced by adaptation. For example, studies in Ethiopia (Di Falco et al. 2014;
Wossen et al. 2017; Teklewold et al. 2019), Kenya (Kassie et al. 2020), Malawi (Bouwman et al.
2020), Tanzania (Asfaw et al. 2012; Tibesigwa et al. 2020) and Zambia (Khonje et al. 2015) show
increased farm returns due to adoption of combinations of climate-smart agricultural practices. This is
another strong reason to explore household decision-making as an alternative strategy to increase
climate resilience.

A number of studies have provided evidence that joint household decision-making in
agriculture produces positive production and consumption outcomes in sub-Saharan Africa. However,
as previously mentioned, the current evidence is flawed by naive estimation, which assumes
exogeneity in decision making, and this approach is likely to block the identification of the estimators.
Among farming families in Malawi, Meijer et al. (2015) finds that most decisions related to

) According to FAO (2016), decision-making in agriculture generally refers to decision-making power over: i) the use
of productive resources and inputs; ii) the use of credit; iii) participation in agricultural associations; and iv) farming
activities in general and the marketing of agricultural produce in particular. Decision-making is not limited to
resources owned by individuals; it also refers to resources owned collectively (FAO 2016: p.27).
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agriculture are made by the husband alone or jointly by husband and wife. In Meru County in Kenya,
Nyabaro et al. (2018) seek to establish the factors that influence intra-household allocation of land
capital in banana production — specifically, whether the allocation is determined by the husband or
wife or jointly. Using a logit model, they find that wealthier households have a higher probability of
joint allocation. In terms of a policy lever, Kafle et al. (2019) finds that joint decision-making by men
and women increased by 16% across all households after an asset (livestock) transfer and training
programme.

In the Morogoro region of Tanzania, wives are more involved in intra-household adaptation
decision-making, and their households are more likely to engage in adaptation practices, i.e., planting
cover crops and drought-resistant crops (Van Aelst and Holvoet 2018). A study by Bjornlund et al.
(2019) in Tanzania, South Africa and Zimbabwe using ordinary least squares regression on a sample
of small-scale farming households finds that decision-making influences household income. From a
study in Burundi and Rwanda, Okonya et al. (2019) find that the majority were joint decisions,
although, according to women, men’s participation in the decision process was higher in the
production of cash crops. Establishing the role of gender-based decision-making in improved maize
variety adaptation is the objective of the study by Gebre et al. (2019). The study finds that adaptation
of improved maize variety is significantly different between male, female and joint decision-making
households.

Using a sample of Senegal dairy farming households and ordinary least square models,
Hidrobo et al. (2019) estimate the determinants of three types of household decision-making (i.e.,
husband and wife, husband without wife, and wife without husband) and their impact on household
outcomes (milk production and consumption). They observe that households in unitary models fare
better with male decison makers than with either female decision makers or the couple making the
decisons. In determining access to, and control over, agricultural income and labour among farmers in
Chipata, Zambia, Pelekamoyo and Umar (2019) find joint decision-making in married couples to be
more common than originally anticipated and caution against interventions based on an assumption of
unilateral decision-making in male-headed households. This view is supported by Kiewisch (2015),
who recommends cooperation and joint decision-making by women and men in households farming
cocoa in Cote d’Ivoire, and by Kent (2018)’s study on shea farmers in Ghana. A similar view is
expressed by Bernard et al. (2020), who suggest that programs should target both husband and wives,
after using data on dairy farmers in rural Senegal.

In another study, Sariyev et al. (2020), using fixed-effects estimation, find that, in Ethiopia,
both joint and sole decision-making on crop production significantly and positively influence the
number of crop species and the food groups produced. However, because the estimator is vulnerable
to time-invariant characteristics, the results are likely to be biased. Shibata et al. (2020), using logistic
regression and self-reported measures, found that men’s decision-making power increased with an
increase in the importance of the crop to household income in Uganda, while joint decision-making
decreased with level of crop importance. A study by Gebre et al. (2020) compared market
participation gaps between male, female and decision-making agrarian households in southern
Ethiopia, using probit and decomposition models, and found that males achieve better outcomes than
females and joint decision-makers. Teklewold et al. (2020) investigate gender and adoption of maize
varieties in plots managed individually and jointly by men and women in Uganda and Kenya and find
gender differences in adoption and that adoption is more likely on jointly managed plots. In Kenya,
husband make decisions on agriculture, while the wives decide on daily household expenditures, and
it appears that education increases women’s involvement in decision making (Osanya et al 2020).



3. Empirical methodology

Data and variables description

The data is from 654 households in the Omusati, Oshana and Oshikoto regions of Namibia; see Figure
1. In obtaining the sample, a probability proportionate to size sampling procedure was conducted in
2017 to gather information from the households, which includes their background, household
composition, agricultural practices (crop farming and livestock keeping), food security, and climate-
smart agricultural practices. The answer to the survey question “Who conducts cropping mainly” is
assumed to reflect decision-making in production. The answer to the question “Who in the household
decides about the use of the money or goods received from the livelihood activity?” reflects
consumption decisions.

The sample is then restricted to 401 households in which the same decision-making pattern
holds for both production and consumption. This restricted sample is then categorised into two
groups. The first group comprises households where the head makes joint decisions with the spouse in
crop farming (Who conducts cropping mainly? Response: both head and spouse) and the use of
finances from crop farming (Who in the household decides about the use of the money or goods
received from the livelihood activity? Response: both head and spouse). Henceforth, these households
are referred to as households with joint-decision making. The second group consists of households
where the head of household makes the sole decisions in both crop farming and finances from crop
farming. Out of 401 households, 33.4% engage in joint decisions and 66.6% rely on sole decisions.

The joint decision-making measure is a dummy, where one represents households where the
head of household makes decisions jointly with the spouse, while zero captures households where the
head of household makes sole decisions. This follows from past studies; see Seymour and Peterman
(2018); Hidrobo et al. (2019); Shibata et al. (2020); Acosta et al. (2020); Sariyev et al. (2020).
However, our measure of joint decision-making is not without caveats. First, it assumes that
participation is equal between the head of household and the spouse, and is unable to capture the
degree of participation from each of the two individuals. However, this would be more of a concern if
the aim of this study were to capture women’s empowerment (Seymour and Peterman 2018), whereas
our interest is only to capture the jointness of the decision and compare the outcomes to sole
decisions. Second, our measure of joint decision-making is self-reported by the head of households.
Studies have observed disagreements about perception in the level of involvement in decision-making
between head of household and spouse (Acosta et al. 2020; Bernard et al. 2020). In other studies,
there has been a lack of alignment in responses when the same question is asked of multiple
household members in countries like Ghana, Malawi, Tanzania and Uganda. The responses
systematically differed by gender (Doss and Quisumbing 2020).

As mentioned above, we ensure robustness by using various production outcomes. These
include (i) the total value of crop farming, (ii) the number of climate-smart crop strategies employed
by the household, (iii) satisfaction with crop farming, and (iv) the size, in acres, of the main crop
(millet). The total value of crop farming is derived from the following question: “What is the total
value received in the last 12 months (cropping)?” Satisfaction with crop farming is based on the
question, on a scale of 1 to 10, where 1 means “Not satisfied" and 10 means "Very satisfied”, how
satisfied are you with agriculture? Besides production outcomes, we also include three consumption
outcomes related to household food,; this is because the majority of the produce is consumed by the
households themselves. The first is yearly per capita household food expenditure, which is estimated
by multiplying the monthly expenditure by twelve and dividing by the number of household members.



The second is a food insecurity dummy which comes from the following question: In the last 12
months, did you at any time not have enough food? The third is the number of months that the
household did not have enough food, i.e., Which months did you not have enough food to meet your
family needs?

We limit climate-smart agricultural strategies to those that are relevant to crop farming and
sum up the total number of strategies that are used by each household. These include: adopted dry
tolerant crop varieties; sequential timings of cropping; adopted early maturing crops (drought
escaping); introduced new crops that you did not grow before; started using conservation agriculture
(minimum tillage, mulching, etc); had plots in different geographical areas; looked for planting land
in better place; increased area cultivated to grow more crops; introduced irrigation; changed planting
times (early planting); changed harvesting times; changed use of fertilisers and/or
pesticides/herbicides; used seasonal forecasts and drought early warning systems; used local extension
services for advice on farming; used soil and water conservation methods/technologies; started using
rainwater harvesting (infield pits and follows); started using drip irrigation; started pumping from
rivers; drilled a borehole/well (ground water); used earth dams; rehabilitation of natural water points;
conserve and protect some water sources for dry season; joined/formed savings groups/ cooperatives;
and invested in grain storage.

A number of household- and plot-level characteristics are included as controls. These include
the head of the household’s age, gender, education and occupation. Household size and number of
household assets also are considered. Plot-level characteristics include fertiliser, seeds and type of
soil. Climate information is also included, derived from the following question: Which of the
following (climate information) makes you take up new farming practices or new crops? Responses:
information from extension officer; informative agricultural program on radio; learning from farmer
organization; observing other farmers if they do it successfully; and endorsement by the village
chief/leader.

Endogenous switching regression estimation, conditional expectations, treatment, and
heterogeneous effects

The interest of this study is to gain a better understanding of households’ joint decision-making in
production and consumption and determine its effects on household outcomes. However, the main
estimation concern is identification, or lack thereof, of the effects of joint decision-making on
production and consumption outcomes. This is tied to selection bias emanating from the non-
randomness of households self-selecting into either joint or sole decision-making. This self-selection
is mutually exclusive, voluntary and driven by observed and unobserved systematic differences
between joint-decision making households and sole decision-making households. These systematic
differences simultaneously affect household decision-making and household outcomes, such that the
estimates are likely to be biased, and identification blocked (Manski, 2003; Angrist and Pischke 2008;
Heckman 2010).

Now, observed systematic differences are, in most cases, controlled by adding household and
farm characteristics. The fundamental concern is on how to mute the unobservables, and thus achieve
identification. Unobservables include beliefs, up-bringing, ability, parental and community influences,
cultural norms (Doss 2018; Gebre et al. 2020), social context (Gebre et al. 2020), social norms on
gender roles (Doss and and Quisumbing 2020). Because of the mutual exclusivity of decision-making,
we can only observe the actual outcome of each household, and we cannot observe any outcome
under a different decision, i.e., counterfactual outcomes. For example, we cannot observe the



outcomes of the joint decision-making households if they were instead sole decision-makers and vice
versa (Manski, 2003; Angrist and Pischke 2008; Heckman 2010).

Identification is achieved by using the endogenous switching regression framework (see, e.g.,
Di Falco et al. 2014; Teklewold et al. 2019; Kassie et al. 2020; Tibesigwa et al. 2020), which
simultaneously estimates the difference in decision effects, and thereafter measures the impact of
these decisions on household outcomes. Following Lokshin and Sajaia (2004), consider a head of
household with two regression equations and a function, Di, which determines the choice the head of
household will make: D; =1ifyZ;+u; >0andD; =0if yZ; +u; <0

Regime 1:y;; = [1X1; +€1;if Dy =1 @
Regime 2:y,; = X5 + €5, if D; =0 2

where y;; are the farm and household outcomes in the continuous equations, X;; and X5; are

household and farm characteristics, and y;, €;; and &,; are assumed to be trivariate normally
distributed. According to Lokshin and Sajaia (2004), the model can be identified by construction

through nonlinearities.
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where F is the cumulative normal distribution function, while f is the normal density distribution
function, w; is the optional weight for observation i, and 7 ; is described in equation (4) (Lokshin and
Sajaia 2004):
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where p; = o, /0,0, denotes the correlation coefficient between &;; and u;, while p, = 03,/0,,0, is
the correlation coefficient between &,; and u; (Lokshin and Sajaia 2004). p; and p, are bounded
between -1 and 1, while a; and o, are positive due to maximum likelihood directly estimating Ino,,
Ing, and p (Lokshin and Sajaia 2004):
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The estimators can then be used to derive the conditional expectations. That is, we can
estimate the difference between in production and consumption outcomes between joint decision-
making and sole decision-making. We can also estimate a hypothetical scenario where the joint-
decision-making household did not engage in joint decisions but rather sole decisions, and where the
sole decision-making households engaged in joint decision-making. The conditional expectations are
as follows (Lokshin and Sajaia 2004):

E(D; =1, xq;) = X181 + o1p1f (¥ Z)) /F (v Zy) (6)
E(D; =0, x3;) = X5iB2 + 0202f (vZ)) /{1 — F(vZ;)} (7)
E(D; =1, x33) = XpiB2 + 0202.f (vZ:) /F (v Zy) (8)
E(D; =0, x1;) = Xyif1 + o1p1 f (vZ) /{1 — F(vZ;)} )

where equation (6) represents the households with joint decision-making, while equation (7) captures
households with sole decision-making. Equations (8) and (9) respectively represent counterfactual
outcomes for households with joint decision-making, if they were instead sole decision-making
households, and households with sole decision-making, if they had engaged in joint decision-making.



Following from this, the average effect on the treated (ATT) is shown in equation (10), and the
average effects on the untreated households are displayed in equation (11) (Kassie et al. 2015).

ATT = E(D; =1, x1;) —ED; = 1, x3;) (20)
ATU =E(D; =0, x1;) — E(D; =0, x3;) (11)
BH, =E(D; =1, x;;) — E(D; =0, xy;) (12)
BH, = E(D; =1, x3;) — E(D; = 0, x3;) (13)

The baseline heterogeneity (BH:) for households with joint decision-making is shown in
equation (12) and captures unobserved factors that may influence decision-making. The baseline
heterogeneity (BH.) for households with sole decision-making is shown in equation (13) (Kassie et al.
2015; Tibesigwa et al. 2020).

4. Results

4.1 Descriptive statistics and differences between joint decision-making households and
sole decision-making households

Table 1 shows the descriptive statistics. About 46% of the households are located in Omusati, 28% in
Oshana and 25% in Oshikoto. The average head of household is 61 years old; the majority have
received at least a basic education (79.3%), but few have any training (8%). About 42.6% are married
and 41.6% are male. The average household consist of five members and owns one plot. Crop farming
is the most important and widely used household livelihood activity, and this generates about
NAD904 for an average household. The next sub-section provides details on all livelihood activities.
The households engage in an average of eight crop-related climate-smart practices. An average
household has gone for a month without having enough food, while the dummy food adequacy shows
32% of households who indicated that they did not have enough food in the last 12 months.

On climate information, 53.4% mentioned that receiving information from a radio program
makes them take up new farming practices. 31.9% mentioned that learning from a farmer organization
makes them take up new farming practices. 24.2% stated that information from an extension officer
makes them take up new farming practices. 22.4% mentioned that endorsement by the village
chief/leader makes them take up new farming practices. 59.4% stated that observing other successful
farmers makes them take up new farming practices. There are statistically significant mean
differences in favour of joint decision-making for the following head of household characteristics:
gender (men- and women-headed households), marital status, household size and number of plots. All
the climate information shows statistically significance mean differences between joint and sole
decision-makers.

Upon comparing production and consumption decision between joint decision-making
households and sole decision-making households we observe that the mean differences in production
decision between the joint and sole decision-making households are statistically significant, i.e., total
value from crop farming; number of crop-related climate-smart practices; and satisfaction with
agriculture. On consumption decisions, household food expenditure shows significant mean
differences.

4.2 Households crop farming livelihood patterns and other household livelihood activities

The households are engaged in different household livelihood sources of income. All households
engage in cropping. The other common livelihood strategies are forest (23%), formal employment
(25%), informal employment (22%) and poultry (13%). The rest of the livelihood strategies are below



10% (goats, sheep, agriculture casual labour, non-agriculture casual labour, non-timber products, and
cattle). Crop farming was considered as important for the majority of the households (80.1%),
followed by formal employment (79%), informal business (61.8%), cattle products (60%) and forest
products (48.9%), while the rest were mentioned by less than 40% of the household as important, see
Table 2.

The top crops grown by these households in decreasing order include: millet, sorghum,
legumes, vegetables/horticultural crops, bambara and butternut. Only 9.5% of the households grow a
single crop (millet), while 24.2% of the households combine millet with another crop (mainly
sorghum). Another 27.7% produce three crops, 31.7% produce five crops, and 0.5% grow six crops.

Somewhat expected from smallholder farms, most of these households maintain most of their
crop output for own household consumption. The majority of the households have a single plot
(91.2%), followed by 7.5% who have 2 plots, and only 0.8% who have three plots. This, by definition,
implies that these households are smallholder and subsistence farmers. Also expected is that, despite
the importance of crop farming to these households, input use is minimal, which is typical of
smallholder farming in sub-Saharan Africa, i.e., while 84.7% of the households use tractors, only
26.7% use improved seeds, 15% use vet services, and 1% use fertilisers.

As previously mentioned, Namibia is one of the driest countries in the region. Given the harsh
conditions that are not conducive for smallholder agriculture, these smallholder farmers engage in a
number of climate-smart agricultural strategies. These include both crop- and livestock-related
adaptation strategies. Because the focus of this paper is on crop farming, we narrow down and
describe the different types of crop adaptation strategies. These are shown in Table 3. Investing in
grain storage (80.1%) was the most common crop-related adaptation strategies in which households
invested, followed by changing planting times (60.1%), the adoption of early maturing crops (66.8%)
and sequential timing (68.1%). Changing harvesting time was another common crop adaptation
strategy (59.9%), as were the use of rainwater harvesting (52.4%), seasonal forecast and drought early
warning systems (51.9%), and adoption of tolerant crop varieties (51.6%). The rest of the strategies
were mentioned by less than 50% of the households. Summed together, a household would on average
engage in eight crop-related adaption strategies.

4.3 Differences in livelihood activities patterns between joint decision-making households
and sole decision-making households

In our sample of 401 households, 66% are households where crop farming is done only by the head of
household ("Who conducts livelihood activity mainly?"), including the decisions about the use of
goods and money from cropping ('Who in the household decides about the use of the money or goods
received from the livelihood activity?"), i.e., sole decision-making households. 33.4% mentioned that
cropping was done jointly by head of household and spouse, who also jointly decided on the use of
the money and goods from cropping.

This is similarly observed in other countries, where Shibata et al. (2020) finds that this ranges
between 28.6% and 67.6% in Uganda depending on the type and importance of the crop. On spending
of cash from crop production, Shibata et al. (2020) observes that this ranges between 30% and 66.7%
again depending on the crop. In Eastern Zambia, Pelekamoyo and Umar (2019) finds that joint
decision-making over agricultural income is common in male-headed households (48%) and
uncommon in female-headed households (19%). Kent (2018)’s study on shea farmers in Ghana
observes that 50% of the married women made joint spending decisions with their husbands.
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Table 4 records the decision dynamics of the other livelihood strategies between joint
decision-making households (on crop farming) to sole decision-making households. These livelihoods
include: agriculture (cattle keeping; poultry; goat/sheep rearing; other animals); employment (formal;
informal; casual; agri-casual); forest and non-timber.

On the production side (Panel 1), the households with sole decision-making in cropping
mostly maintain the pattern where the head of household appears to be dominant in most livelihood
activities, except casual and agri-casual employment which are done mainly done by a male member
of the household. Among the joint decision-making households, this continues to be the dominant
pattern in other livelihood activities except cattle keeping; informal employment; formal employment;
and casual work. This observation persists to the consumption side (Panel 2). Overall, it appears that
households who engage in joint decision-making in crop farming practice this in other livelihood
activities as well, and so do sole decision-making households.

4.4 Endogenous switching regression results and treatment effects

Table 5 reports the results of the endogenous switching regression. Panel 1 shows the results from
production outcomes: (i) the total value of crop farming, (ii) the number of climate-smart agricultural
practices, (iii) satisfaction with crop farming, and (iv) the size, in acres, of the main crop (millet).
Panel 2 shows consumption outcomes: (i) per capita household food expenditure, (ii) food insecurity
dummy, and (iii) number of months that the household did not have enough food. Consistent results,
in terms of sign and significance, are obtained across all the models with varying outcomes in Table 4.
From these models, households headed by men are more likely to engage in joint decision-making.
When the head of household is married, the household is likely to engage in joint decision-making.
The household size and climate information coefficients are positively significant.

The results of the treatment effects are shown in Tables 6, following from the endogenous
switching regression results in Table 5. As before, Panel 1 shows the results from production
outcome, while Panel 2’s results are from consumption outcomes. Under Panel 1, when the total value
from crop farming is used as an outcome, we observe positive and significant coefficients, which
suggests that joint decision-making increases their crop productivity, in comparison to sole decision-
making. More specifically, the effect of the treatment on the treated (TT), i.e., households engaging in
joint decision-making, is NAD1299.90 and this is statistically significant. In addition, the effect of the
same treatment on the untreated (TU) represented by households with sole decision-making is
NAD1696.68, suggesting that crop farm outcome for sole decision-making household by
NAD1696.68 if they had engaged in joint decision-making. The heterogeneity effects suggest that
there are other influencing factors besides the decision to participate in joint or sole decision-making.
The next production outcome is the number of climate-smart agricultural practices, where the
treatment effects show qualitatively similar results, in that households engaging in joint decision-
making engage in more climate-smart agricultural strategies (1.5) in comparison to households with
sole decision-making. For sole decision-making households, they would have practiced 16.4 more
climate-smart methods if they had instead engaged in joint decision-making. We obtain qualitatively
similar results for the outcomes relative to satisfaction with agriculture and the size of the millet (the
main crop) farm.

The Panel 2 treatment effects are from the consumption outcomes. The first is household food
expenditure, where the TT is negative and significant (NAD434.87), which suggests that joint
decision-making reduces household expenditure on food, in comparison to sole decision-making. The
speculation here is that the reduced expenditure on food is associated with an increment in crop
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production, owing to the fact that these farming household are smallholder subsistence farmers. The
household food expenditure TU is NAD599.85, suggesting that the expenditure for sole decision-
making household would be reduced by NAD599.85 if they had engaged in joint decision-making.
Qualitatively similar results are produced when we use two separate consumption outcomes: the
number of months of inadequate household food provisioning and a dummy on whether the household
did not have adequate food in the last 12 months.

4.5 Robustness tests

Here, robustness exercises are performed to validate the results. Our analysis thus far has compared
households where the head makes joint decisions with their spouse to households where the heads of
households make sole decisions. The descriptive statistics show that the majority of heads of
households that make joint decision are men, while those who make sole decisions are women, with
the majority of them not married. From the endogenous switching estimation treatment effects
framework, we find that households with joint decision-making have higher yield and adopt more
climate-smart agricultural practices. They also have better household outcomes in comparison to
households with sole decision-making.

In essence, the joint decision-making households somewhat correlate to male headed-
households, while the sole decision-making somewhat correlates to de facto female headed-
households, which are households headed by single women. In the current literature, de facto female
headed-households have been identified as the most vulnerable due to limited resources, thus
producing lower outcomes; see Kassie et al. (2014); Tibesigwa et al. (2015). So, could the joint
decision-making treatment instead be a gender treatment? We thus need to eliminate the possibility
that our estimation is picking up, and comparing, the effects of de-facto female headed-households to
male headed-households.

The first robustness test limits the sample to heads of households who are married and
compares head of households who make joint decisions to those who make sole decisions. The results
from treatment effects are shown in Panel 2 in Table 7, while the endogenous switching regression
used to derive the estimates are shown in the Appendix in Table A.1. In our second robustness test,
we limit the sample to male headed-households, and compare male headed-households with joint
decision-making to male headed-households with sole decision-making. Panel 3 in Table 7 shows the
treatment effects generated from the regression in Table A.2 in the appendix. In both tests, we observe
similar findings, i.e., households with joint decision-making have better production and consumption
outcomes.

5. Conclusion

The interest of this study is to gain a better understating of the effects of joint decision-making
between heads of agrarian households and their spouses on production and consumption and
determine its effects on household outcomes. A number of studies have provided evidence showing
that joint decision-making in intra-household decision-making in agricultural activities increases
productivity and yields positive household outcomes; see Bjornlund et al. (2019) and Sariyev et al.
(2020). The evidence that exists is mainly based on naive approaches that assume that self-selection
into joint decision-making is exogenous. But in essence, this choice is endogenous as heads of
households are faced with a voluntary choice of whether to engage in joint-decision making or sole
decision-making, and thus self-select. In the naive approach, it is therefore unlikely that identification
of the relationship between decision making and agricultural outcomes was reached due to selection
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bias in decision-making. For identification, we use an endogenous treatment effects model, which
calculates the impact of joint decision-making on farm productivity and household outcomes.

Our findings are important for smallholder Namibia farmers as the recent 2018
Intergovernmental Panel on Climate Change (IPPC) report notes that global warming is likely to
magnify the many existing concerns on its impacts and adaptation, especially in developing dry
regions that are dependent on agriculture, for example, sub-Saharan Africa (IPCC 2018). Namibia is
one of the driest countries in the sub-Saharan Africa region, it has a single wet season, with low,
highly variable and unpredictable rainfall, hence it is naturally vulnerable to climate change. Added to
this, agriculture is one of the main economic activities in the Namibia contributing 3.7% of GDP
(Davies et al. 2019), with more than 70% of its population relying on agriculture (Taapopi et al.
2018). The majority of the farms are smallholder, and often subsistence (Halle and Bruzon 2007;
Davies et al. 2019).

Several studies have documented that the economic impacts of climate change on agriculture
can be significantly reduced through adaptation practices (Kurukulasuriya and Mendelsohn 2006;
Mano and Nhemachena 2006). However, the adoption of climate-smart agricultural programmes has
been slow in Namibia (Davies et al. 2019). Any low-cost strategy that can increase farm yield in
resource-poor, agriculture-dependent regions should indeed be explored. In sub-Saharan Africa, joint
decision-making between head of households and their spouses increases women’s involvement in
intra-household decision-making, and hence their level of bargaining power and empowerment, which
produces positive household outcomes. This is in sharp contrast to the case when decisons are made
solely by a head of household (Acosta et al. 2020). Not surprisingly, therefore, joint decision-making
is seen as an additional piece to the mosaic of development in sub-Saharan Africa (Acosta et al.
2020), especially given that this is quite common on the continent, as discussed in Section 2.

Our results show that households with joint decision-making have higher yield, adopt more
climate-smart agricultural practices, and have better household outcomes, in comparison to
households with sole decision-making by the head of household. Our estimation strategy is robust to
selection bias caused by unobserved systematic differences, and further validated by a couple of
placebo tests.

One of the recommendations by Doss (2018) is regarding men’s and women’s contribution in
agriculture productivity, which needs to perhaps expand and consider the contribution made by
women even in joint partnership with men. While most studies have revealed the contribution of
women decision makers, when they are the head of households, our study indicates that women also
contribute - even when they are not the head of households - through joint decision-making with their
head of household spouse, and this produces positive outcomes to the households.

The key policy message is that, while most of the drive has been in promoting women’s
employment and addressing their needs as heads of households, our results suggest that (i) promoting
joint decision-making within households is a cost-effective way to increase productivity and
household outcomes, and (ii) policy should consider extending support to households with joint
partnerships, not only to women-headed households, as has been done in most cases in the past.
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Figure 1: Study area
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Table 1: Descriptive stats and mean differences

Joint Sole

Full decision- decision-

Variable sample making making
Mean  Std. Dev. Mean Mean  Differences
Head of household age 61.307 15.726 61.128 61.396 -0.2684
Head of household_educ 0.793 0.406 0.813 0.783 0.0307
Head of household_training 0.080 0.271 0.082 0.079 0.0034
Head of household_male 0.416 0.494 0.784 0.232 0.5514**
Head of household_married 0.426 0.495 0.799 0.240 0.5588***
Household size 5.439 2.847 6.239 5.037 1.2013***
No. of plots 1.090 0.311 1.149 1.060 0.0893***
Decision making dummy 0.334 0.472 1.000 0.000 1.0000
1302.8022**
Total value from crop farming 904.294  2847.887 1771.746 468.944 *
No. of crop-related climate-smart practices 7.868 4.165 9.231 7.184 2.0478**
How satisfied are you with agriculture? 6.6983 2.3100 6.9776 6.5581 0.4196*
Millet farm area size 27813 1.5287 2.8509 2.7464 0.104454
No of months of inadequate household food provisioning 1.446 2437 1.366 1.487 -0.1212
In the last 12 months, did you at any time not have enough food? 0.322 0.468 0.313 0.326 -0.0124
Food expenditure 12551110  1782.393 969.5183  1398.4410  -428.9227**
Does information from extension officer make you take up new farming practices 0.242 0.429 0.336 0.195 0.1410**
Does information from radio programs make you take up new farming practices 0.534 0.499 0.612 0.494 0.1176**
Does learning from farmer organization make you take up new farming practices 0.319 0.467 0.396 0.281 0.1147*
Does observing other successful farmers make you take up new farming practices 0.594 0.492 0.664 0.558 0.1061**
Does endorsement by village chief/leader make you take up new farming practices 0.224 0.418 0.336 0.169 0.1673**
Household has experienced low yield 0.736 0.442 0.806 0.700 0.1056**
Omusati 0.461 0.499 0.433 0.476 -0.0428
Oshana 0.282 0.450 0.299 0.273 0.0251
Oshikoto 0.257 0.437 0.269 0.251 0.0177

**% <0.01, ** p<0.05, * p<0.1
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Table 2: Livelihood Sources of Income

% of HH engaged in the

Income earned from the

Significance of the livelihood

livelihood activity livelihood activity activity
Variable Obs Mean Obs Mean Obs Mean
Cropping 401 1.000( 401 904.29] 401 0.805
Cattle products sales (milk, hide etc.) 401 0.025 10 2000.00 10 0.600
Poultry products (eggs) 401 0.127 51 56.47 51 0.373
Goat & sheep products (milk, skin, wool) 401 0.067, 27 444 44 27 0.296
Products from other animals (mopane worms, etc) 401 0.087 35 28.57] 35 0.200
Informal business activities 401 0.222 89 4091.48 89 0.618
Formal employment (salary) 401 0.249 100 43832.08 100 0.790
Forest products (basketry, poles, timber, firewood, etc) 401 0.234 94 386.76 94 0.489
Non-timber forest products (vegetables, fruits, bushmeat, etc..) 404 0.097, 39 1.28 39 0.154
Casual labour (agriculture) 401 0.065 26 3598.08 26 0.308
Casual labour (non-agriculture) 401 0.095 38 446758 38 0.342
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Table 3: Crop-related adaptation strategies

Obs Mean  Std. Dev. Min Max
Adopted dry-tolerant crop varieties 401 0.516 0.500 0 1
Sequential timings of cropping 401 0.681 0.467 0 1
Adopted early maturing crops (drought escaping) 401 0.668 0.471 0 1
Introduced new crops that you had not grown before 401 0.092 0.290 0 1
Started using conservation agriculture (min. tillage, mulching, etc) 401 0.145 0.352 0 1
Had plots in different geographical areas 401 0.165 0.371 0 1
Looked for planting land in better place 401 0.130 0.336 0 1
Increased area cultivated to grow more crops 401 0.329 0.471 0 1
Introduced irrigation 401 0.010 0.100 0 1
Changed planting times (early planting) 401 0.608 0.489 0 1
Changed harvesting times 401 0.599 0.491 0 1
Changed use of fertilizers and/or pesticides/herbicides 401 0.100 0.300 0 1
Used seasonal forecasts and drought early warning systems 401 0.519 0.500 0 1
Used local extension services for advice on farming 401 0.259 0.439 0 1
Use of soil and water conservation methods/technologies 401 0.217 0.413 0 1
Started using rainwater harvesting (infield pits & follows) and household 401 0.524 0.500 0 1
Started using drip irrigation 401 0.005 0.071 0 1
Started pumping from rivers 401 0.007 0.086 0 1
Drilled a borehole/well (ground water) 401 0.077 0.267 0 1
Used earth dams 401 0.499 0.501 0 1
Rehabilitation of natural water points 401 0.499 0.501 0 1
Conserve and protect some water sources for dry season 401 0.352 0.478 0 1
Joined/formed savings groups/ cooperative 401 0.060 0.238 0 1
Invested in grain storage 401 0.808 0.394 0 1
Number of crop-related adaptation strategies 401 7.868 4.165 0 19
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Table 4: Head of households, type of decisions on the different livelihood strategies

Panel 1: Production Panel 2: Consumption
Who in the household decides about
Who conducts the use of money or goods received
crop farming? from crop farming?
Head of Joint head of Head of Joint head of
household household and household household and
(%) spouse (%) (%) spouse (%)
Cattle Head of household 85.7 333 85.7 333
Spouse of head of household 333
Both head of household and spouse 333
Male member of household 14.3 66.7 14.3
Female member of household
Children
Total (N) 7 3 7 3
Poultry Head of household 83.3 87.5 37
Spouse of head of household 4.2 37 42 25.9
Both head of household and spouse 59.3 704
Male member of household
Female member of household 8.3 37 42
Children 42 42
Total (N) 24 27 24 27
Goat/sheep Head of household 70 11.7 80.0 11.8
Spouse of head of household 10 10.0
Both head of household and spouse 88.2 88.2
Male member of household 10
Female member of household 10 10.0
Children
Total (N) 10 17 10 17
Other animal Head of household 46.7 5.0 53.3 10.0
Spouse of head of household 6.7 15.0 6.7 15.0
Both head of household and spouse 65.0 60.0
Male member of household 13.3 13.3
Female member of household 6.7 5.0 6.7 5.0
Children 26.7 10.0 20.0 10.0
Total (N) 15 20 15 20
Informal Head of household 67.3 10.8 67.3 10.8
Spouse of head of household 9.6 432 9.6 324
Both head of household and spouse 37.8 48.7
Male member of household 1.9 19
Female member of household 154 54 17.3 54
Children 5.8 2.7 39 2.7
Total (N) 52 37 52 37
Formal Head of household 229 16.7 343 26.7
Spouse of head of household 5.7 10.0 5.7 10.0
Both head of household and spouse 57 13.3 71 13.3
Male member of household 229 13.3 214 133
Female member of household 14.3 16.7 114 20.0
Children 28.6 30.0 20.0 16.7
Total (N) 70 30 70 30
Forest Head of household 58.5 49 58.5 24
Spouse of head of household 5.7 29.3 7.6 26.8
Both head of household and spouse 244 1.9 317
Male member of household 17.0 22.0 132 22.0
Female member of household 13.2 7.3 13.2 7.3
Children 5.7 122 5.7 9.8
Total (N) 53 41 53 4
Nontimber Head of household 65.0 65.0
Spouse of head of household 10.5 5.3
Both head of household and spouse 73.7 79.0
Male member of household
Female member of household 15.0 15.0
Children 20.0 15.8 20.0 15.8
Total (N) 20 19 20 19
Agri-casual Head of household 35.0 16.7 45.0 16.7
Spouse of head of household 5.0 5.0
Both head of household and spouse 33.3 30.0 333
Male member of household 40.0 16.7 20.0 333
Female member of household 15.0
Children 5.0 333 16.7
Total (N) 20 6 20 6
Casual Head of household 217 26.7 26.1 26.7
Spouse of head of household 20.0 20.0
Both head of household and spouse 6.7 13.3
Male member of household 69.6 40.0 65.2 333
Female member of household 44 44
Children 44 6.7 44 6.7
Total (N) 23 15 23 15
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Table 5: Endogenous switching regression - adopters of joint decision-making and non-adopters of joint decision-making (sole decision-making)

Panel 1: Production outcomes

Panel 2: Consumption outcomes

Total value of No. of climate-smart agriculture How satisfied are you Main crop (Millet) Household food No. of months of inadequate household In the last 12 months, did you at any
crop farming practices with agriculture? farm area size expenditure food provisioning time not have enough food?
(1) () @) () (5) 6) (7) (8) ©) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21)
Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0
dec =1 dec=0 dec =1 dec=0 dec =1 dec=0 dec =1 dec=0 dec =1 dec=0 dec =1 dec=0 dec =1 dec=0
Head_age 137.6 15.51 -0.0165 -0.0308 0.180** -0.0133 0.0811 0.0584 -0.0169 0.0177 -0.0539*** -0.0297** -17.67 -44.32 -0.0126 0.0229 0.0649 -0.0147 -0.0339* 0.0119 -0.0105
(154.3) (34.34) (0.0324) (0.155) (0.0914) (0.0269) (0.0829) (0.0501) (0.0323) (0.0606) (0.0172) (0.0133) (35.12) (39.97) (0.0322) (0.0925) (0.0541) (0.0320) (0.0174) (0.0106) (0.0318)
Head age2 -1.205 -0.130 0.000101 0.000458 -0.00120  4.18e-05 | -0.000561  -0.000347  0.000108 | -9.47e-06  0.000469***  0.000216* 0.216 0.531 7.84e-05 | -0.000152  -0.000423  9.24e-05 | 0.000286*  -9.46e-05 6.86e-05
(1.296) (0.286)  (0.000273) | (0.00131)  (0.000764) (0.000226) | (0.000700) (0.000417) (0.000270) | (0.000509)  (0.000169)  (0.000129) | (0.295) (0.333) (0.000271) | (0.000781)  (0.000451) (0.000268) | (0.000147) (8.85e-05)  (0.000264)
Head_educ -1,568 64.98 0.0833 2297 0.632 -0.146 0.226 0.872* 0.0556 -0.275 0.224 -0.0846 295.9 492.6 0.119 -0.349 0.0788 0.0958 0.108 0.111 0.197
(956.1) (265.8) (0.221) (0.997) (0.687) (0.183) (0.512) (0.388) (0.219) (0.374) (0.252) (0.148) (215.8) (309.8) (0.222) (0.565) (0.419) (0.223) (0.106) (0.0818) (0.217)
Head_training -644.9 206.7 -0.241 0.846 0.285 -0.151 1.196* 1.133* -0.210 0.315 0.653* 0.109 575.0* 1,994*** -0.229 -0.135 0.608 -0.240 -0.105 -0.246** -0.195
(1,311) (361.4) (0.295) (1.376) (0.935) (0.240) (0.706) (0.527) (0.295) (0.515) (0.351) (0.211) (298.2) (420.9) (0.298) (0.777) (0.570) (0.296) (0.146) (0.112) (0.290)
Head_gender 282.6 -8.982 1.100** -3.978*** -3.011%** 1.206*** -0.652 0.517 1,127 -0.0895 -1.020%** 1.053*** 60.59 463.0 1.135** 0.766 0.468 1.118*** 0.0640 0.173* 1.060***
(1,210) (268.9) (0.183) (0.984) (0.580) (0.147) (0.735) (0.512) (0.182) (0.464) (0.201) (0.118) (278.6) (374.6) (0.184) (0.970) (0.673) (0.182) (0.188) (0.0849) (0.173)
Hhsize -116.2 0.930 0.0538* 0.117 -0.178* 0.0434* 0.0344 0.0567 0.0593* 0.0282 0.0136 0.0534* -92.08*  -265.1*** 0.0614* 0.00277 -0.0119 0.0563* 0.0108 0.0195* 0.0694**
(123.0) (38.13) (0.0300) (0.128) (0.0936) (0.0249) (0.0688) (0.0582) (0.0296) (0.0488) (0.0348) (0.0213) (27.64) (45.95) (0.0305) (0.0779) (0.0664) (0.0300) (0.0147) (0.0118) (0.0302)
Plot_count 3,690 2717 0.376 -1.943* -0.671 0.332 -0.304 -0.237 0.379 0.0476 -0.142 0.297 34771 96.72 0.355 0.483 -0.274 0.356 -0.0531 0.0319 0.151
(1,012) (381.5) (0.285) (1.160) (0.953) (0.232) (0.549) (0.560) (0.277) (0.404) (0.331) (0.205) (231.0) (446.4) (0.281) (0.599) (0.611) (0.281) (0.120) (0.117) (0.291)
Region 2 807.2 316.2 0.125 -1.988** -2.258*** 0.0470 0.769* -0.393 0.150 -0.704** -0.877+* 0.370* -353.1* -82.69 0.130 0.0372 0.211 0.131 -0.150 0.0980 0.00629
(836.9) (233.6) (0.199) (0.904) (0.612) (0.161) (0.444) (0.342) (0.197) (0.342) (0.233) (0.182) (189.5) (272.3) (0.199) (0.485) (0.369) (0.201) (0.0933) (0.0727) (0.193)
Region 3 987.6 -205.2 -0.134 -0.918 -1.010 0.0467 1.015%* 0.0561 -0.117 0.441 0.0559 0.0502 -220.5 365.5 -0.125 0.599 0.576 -0.116 0.0813 0.0607 -0.102
(855.3) (239.5) (0.197) (0.891) (0.615) (0.158) (0.456) (0.349) (0.196) (0.342) (0.229) (0.139) (193.6) (279.0) (0.198) (0.494) (0.378) (0.200) (0.0958) (0.0736) (0.190)
Head_married 1.134*** 0.327** 1.028*** 0.841*** 1.043*** 1.067*** 1,154+
(0.187) (0.113) (0.187) (0.106) (0.189) (0.186) (0.185)
Officer 0.302 0.386*** 0.419* -0.0487 0.388* 0.378* 0.300
(0.233) (0.131) (0.221) (0.0520) (0.229) (0.229) (0.219)
Radio 0.0471 0.295** -0.00220 0.00398 -0.0306 -0.0106 0.0272
(0.195) (0.126) (0.184) (0.188) (0.198) (0.206) (0.169)
Organize -0.252 0.492*+ -0.244 0.0590** -0.346 -0.243 -0.523**
(0.237) (0.116) (0.230) (0.0151) (0.255) (0.244) (0.219)
Farmer 0.175 0.00277 0.0929 0.652*** 0.195 0.175 0.286
(0.199) (0.111) (0.198) (0.0481) (0.209) (0.221) (0.176)
Chief 0.521* 0.324** 0.522** 0.158*** 0.557* 0.472* 0.571***
(0.228) (0.126) (0.219) (0.0302) (0.233) (0.242) 0.211)
Low yield 0.353* 0.226* 0.340* 0.145*** 0.398* 0.413* -0.0681
(0.201) (0.117) (0.188) (0.0219) (0.195) (0.196) (0.225)
Constant -3,992 362.1 -2.218* 16.14*** 2.110 -1.766** 4.926 3.332% -2.143* 2.169 3.847 -1.692*** 1,425 2,513 -2.397** -0.672 -0.897 -2.303* 0.961 -0.183 -2.009**
(5,372) (1,073) (1.037) (4.865) (2.823) (0.828) (3.086) (1.565) (1.025) (2.053) (0) (0.233) (1,231) (1,249) (1.032) (3.781) (1.695) (1.020) (0.689) (0.332) (1.004)
Ins1 8.299"** 1.648*** 0.795*** 0.467** 6.812"* 0.829** -0.766***
(0.0691) (0.0849) (0.0979) (0.0669) (0.0686) (0.0656) (0.108)
Lns2 7.356*** 1.504*** 0.824** 0.531** 7.503** 0.898*** -0.695***
(0.0454) (0.0483) (0.0477) (0.0451) (0.0435) (0.0438) (0.0579)
R1 -0.287 -1.625** -0.633* -0.206 0.279 0.130 0.622
(0.257) (0.285) (0.364) (0.252) (0.254) (0.422) (0.456)
R2 0.266* -2.300%** -0.250 -16.25 0.0397 -0.0530 0.880**
(0.144) (0.401) (0.266) (109.8) (0.222) (0.351) (0.238)
Observations 398 398 398 398 398 398 398 398 398 398 398 398 398 398 398 398 398 398 398 398 398

Robust standard errors in parentheses
Adapt = 1: Households with joint decision-making; Adapt = 0: Households with sole decision-making
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Table 6: Average expected production and consumption, treatment and heterogeneity effects

To adapt Not to adapt Treatment effects
Panel 1: Total value from crop farming
Production Households that adapted 1772.169 472.265 1299.904***
(146.9047) (16.77439) (106.6087)
Households that did not adapt 2561.774 865.0852 1696.689***
(84.39949) (27.25666) (120.7591)
Heterogeneity effects -789.605*** -392.8202***
(158.161) (30.54963)
No. of climate-smart agriculture practices
Households that adapted 8.774 7.263 1.510"**
(0.1847) (0.0931) (0.1855)
Households that did not adapt 16.566 0.197 16.368***
(0.1169) (0.1611) (0.2006)
Heterogeneity effects -1.791% 7.066"**
(0.2106) (0.1741)
How satisfied are you with agriculture?
Households that adapted 6.982 6.544 0.438***
(0.0707) (0.0430) (0.0787)
Households that did not adapt 8.504 6.349 2.154***
(0.0450) (0.0633) (0.0778)
Heterogeneity effects -1.521** 0.194***
(0.0809) (0.0755)
Millet farm area size
Households that adapted 2.842 2.706 0.136***
(0.0471) (0.0357) (0.0604)
Households that did not adapt 3.228 0.260 2.968***
(0.0304) (0.0586) (0.0597)
Heterogeneity effects -0.386*** 2.445**
(0.0543) (0.0653)
Panel 2: Food expenditure
Consumption Households that adapted 962.315 1397.187 -434.871**
(39.9976) (59.1012) (88.1437)
Households that did not adapt 808.592 1408.444 -599.851***
(22.2600) (95.8833) (74.7738)
Heterogeneity effects 153.722*** -11.257
(42.3019) (107.5685)
No. of months of inadequate household food provisioning
Households that adapted 1.376 1.498 -0.121*
(0.0382) (0.0277) (0.0476)
Households that did not adapt 0.606 1.625 -1.018***
(0.0260) (0.0380) (0.0456)
Heterogeneity effects 0.769** -0.127%*
(0.0457) (0.0475)
In last 12 months, did you at any time not have enough food?
Households that adapted 0.308 0.324 -0.015
(0.0150) (0.0074) (0.0149)
Households that did not adapt 0.011 0.815 -0.803**
(0.0096) (0.0127) (0.0164)
Heterogeneity effects 0.29*** -0.491*
(0.0173) (0.0138)
Robust standard errors in parentheses *** pn<0.01, ** p<0.05, * p<0.1

Adapt = 1: Households with joint decision-making; Adapt = 0: Households with sole decision-making
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Table 7: Robustness Test - Average expected production and consumption, treatment and heterogeneity effects

Panel 1: Original sample

Panel 2: Sample with married heads of households only

Panel 3: Sample with male heads of households only

To adapt Not to adapt Treatment effects To adapt Not to adapt Treatment effects To adapt Not to adapt Treatment effects
Panel 1: Total value from crop farming Total value from crop farming Total value from crop farming
Production Households that adapted 1772.169 472.265 1299.904*** 2059.707 . 2059.07*** 2075.373 224.765 1850.608***
(146.9047) (16.77439) (106.6087) (165.6512) (0.0165) (214.4432) (180.8811) (31.2558) (238.8027)
Households that did not adapt 2561.774 865.0852 1696.689*** 2857.293 -1.163 2858.457*** 4670.604 594.300 4076.303**
(84.39949) (27.25666) (120.7591) (218.7982) (0.0204) (168.8795) (217.1341) (23.0054) (167.8783)
Heterogeneity effects -789.605** -392.8202*** -797.585** 1.800*** -2595.231** -369.535**
(158.161) (30.54963) (272.9582) (0.0293) (289.364) (38.4497)
No. of climate-smart agriculture practices No. of climate-smart agriculture practices No. of climate-smart agriculture practices
Households that adapted 8.774 7.26 1.510*** 8.145 9 2.221%* 8.704 .75 0.944*
(0.1847) (0.0931) (0.1855) (0.2915) (0.3037) (0. 4442) (0.2042) (0.3135) (0.3589)
Households that did not adapt 16.566 0.197 16.368*** 15.234 0.997 14.236*** 16.025 -0.028 16.054***
(0.1169) (0.1611) (0.2006) (0. 3989) (0.1944) (0.3977) (0.3359) (0.1928) (0.3597)
Heterogeneity effects -1.791% 7.066*** -7.089*** 4.926*** -7.321% 7.788**
(0.2106) (0.1741) (0.4870) (0.3439) (0.3704) (0.3478)
How satisfied are you with agriculture? How satisfied are you with agriculture? How satisfied are you with agriculture?
Households that adapted 6.982 6.5 0.438*** 7.201 6.868 0.332** 7.050 23 -0.185***
(0.0707) (0.0430) (0.0787) (0.0611) (0.1513) (0.1411) (0.1056) (0.1423) (0.1411)
Households that did not adapt 8.504 6.349 2.154** 8.065 8.263 -0.1983 10.903 9.585 1.317*
(0.0450) (0.0633) (0.0778) (0.0910) (0. 1285) (0. 1806) (0.1616) (0.1384) (0.2195)
Heterogeneity effects -1.521** 0.194*** -0. 863" -1.394* -3.852** -2.349*
(0.0809) (0.0755) (0.1058) (0.2033) (0.1854) (0.2116)
Millet farm area size Millet farm area size Millet farm area size
Households that adapted 2.842 . 0.136** 2917 . -0.030 2.880 3.034 -0.154
(0.0471) (0.0357) (0.0604) (0.1450) (0.0848) (0.1989) (0.0713) (0.0809) (0.1121)
Households that did not adapt 3.228 0.260 2.968*** 7.956 3.251 4.704*** 4.029 3.158 0.8712%*
(0.0304) (0.0586) (0.0597) (0. 2624) (0. 0583) (0.2161) (0.0905) (0.0688) (0.1136)
Heterogeneity effects -0.386™** 2.445** -5.038*** -0.303*** -1.149" -0.124
(0.0543) (0.0653) (0.2762) (0.1000) (0.1163) (0.1094)
Panel 2: Food expenditure Food expenditure Food expenditure
Consumption Households that adapted 962.315 1397.187 -434.871** 1035.246 1879.823 -844 577 1084.405 1768.71 -684.304**
(39.9976) (59.1012) (88.1437) (32.8864) (272.6276) (214.6911) (30.7565) (217.8242) (170.5166)
Households that did not adapt 808.592 1408.444 -599.851*** -319.992 2938.628 -3258.62*** -322.821 2275.235 -2598.056**
(22.2600) (95.8833) (74.7738) (44.6417) (225.5936) (294.0671) (41.8650) (166.4415) (220.9541)
Heterogeneity effects 153.722*** -11.257 1355.238*** -1058.805 1407.227*** -506.524
(42.3019) (107.5685) (54.7697) (359.9556) (51.4413) (274.3181)
No. of months of inadequate household food provisioning No. of months of inadequate household food provisioning No. of months of inadequate household food provisioning
Households that adapted 1.376 . -0.121* 2.274 2.504 -0. 229*** . . -0. 236***
(0.0382) (0.0277) (0.0476) (0.0225) (0.0345) (0. 0395) (0. 0285) (0.02977) (0.0438)
Households that did not adapt 0.606 1.625 -1.018** -2.097 -2.716 0.6187** -2.077 -2.883 0.8055***
(0.0260) (0.0380) (0.0456) (0.0289) (0.0269) (0.0414) (0.0240) (0.0353) (0.0498)
Heterogeneity effects 0.769*** -0.127* 4.372%* 5.221%** 4.409*** 5451
(0.0457) (0.0475) (0.0367) (0.0439) (0.0417) (0.0516)
In last 12 months, did you at any time not have enough food? In last 12 months, did you at any time not have enough In last 12 months, did you at any time not have enough
food? food?
Households that adapted 0.308 0.324 -0.015 0.261 0.156 0.105 0.420 0.278 0.141
(0.0150) (0.0074) (0.0149) (0.0151) (0.0198) (0.0249) (0.0053) (0.0151) (0.0134)
Households that did not adapt 0.011 0.815 -0.803** 0.164 0.101 0.063*** -0.406 0.145 -0.552***
(0.0096) (0.0127) (0.0164) (0.0194) (0.0180) (0.0277) (0.0053) (0.0126) (0.0171)
Heterogeneity effects 0.29*** -0.491* 0.097*** -0.054 0.826*** 0.132**
(0.0173) (0.0138) (0.0247) (0.0279) (0.0080) (0.0202)
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Table A.2: Endogenous switching regression - adopters of joint decision-making and non-adopters (sole decision-making) —

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1Adapt = 1: Households with joint decision-making; Adapt = 0: Households with sole decision-making

Appendix

Panel 1: Production outcomes

"

Head is married” sample only

Panel 2: Consumption outcomes

Total value of

No of climate-smart agriculture

How satisfied are you

Main crop (Millet)

Household food

No. of months of inadequate household

In the last 12 months, did you at any

crop farming practices with agriculture? farm area size expenditure food provisioning time not have enough food?
(1) @) @) (4) (5) (6) (7) 8) @) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21)
VARIABLES Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0
dec =1 dec=0 dec =1 dec=0 dec =1 dec=0 dec =1 dec=0 dec =1 dec=0 dec =1 dec=0 dec =1 dec=0
Head_age 156.8 0.0357* -0.0368** 0.193 0.426*** -0.0464 0.125 0.194 -0.0555 0.188 -0.0632 -0.0389 14.89 1414 0.0271* -0.0798** 0.0953* -0.0303** -0.0371 0.0107 -0.0569
(237.9) (0.0176) (0.0181) (0.169) (0.0495) (0.0447) (0.118) (0.135) (0.0632) (0.169) (0.0822) (0.0841) (13.18) (142.2) (0.0150) (0.0365) (0.0421) (0.0137) (0.0227) (0.0208) (0.0637)
Head age2 -1.401 -0.000235  0.000242 | -0.00108  -0.00347***  0.000287 | -0.000984  -0.00126  0.000442 | -0.00129  0.000535  0.000305 | -0.0311 -0.642 -0.000127 | 0.000663*  -0.000792* 0.000252* | 0.000309*  -0.000105  0.000459
(1.934)  (0.000174)  (0.000179) | (0.00138)  (0.000481)  (0.000372) | (0.000960) (0.00110) (0.000510) | (0.00138) (0.000670) (0.000683) | (0.130) (1.158)  (0.000145) | (0.000361)  (0.000421) (0.000136) | (0.000185)  (0.000169)  (0.000513)
Head_education -1,432 -0.523* 0.540** 2.468** -0.515 -0.314 0.376 -0.644 0.409 -1.664* 0.224 0.111 432.7 -234.6 0.404* -0.289 0.345 -0.110 0.213 0.0398 0.425
(1,250) (0.257) (0.266) (1.093) (0.892) (0.230) (0.629) (0.786) (0.315) (0.825) (0.482) (0.370) (209.8) (845.9) (0.239) (0.561) (0.670) (0.213) (0.133) (0.122) (0.324)
Headtrainingdum -1,567 0.277 -0.286 1.845 1.114 -0.371 1.073 1.650* -0.572 3.070** 1.027* -0.424 407.1 4,738 -0.0529 -0.627 0.749 -0.238 -0.172 -0.0928 -0.590
(1,597) (0.320) (0.330) (1.310) (0.967) (0.268) (0.866) (0.938) (0.376) (1.340) (0.574) (0.558) (271.5) (1,039) (0.326) (0.702) (0.836) (0.266) (0.188) (0.145) (0.382)
Head_gender 1,439 -0.759*** 0.783** -2.365* 0.660 0.696*** -0.0929 1.651** 0.805*** -1.898* 0.483 0.644** 593.8** 509.1 0.826*** 0.890* -1.063* 0.338* -0.110 -0.147 0.884***
(1,332) (0.206) (0.209) (1.011) (0.713) (0.206) (0.737) (0.655) (0.270) (0.774) (0.341) (0.264) (189.6) (644.9) (0.208) (0.469) (0.563) (0.178) (0.188) (0.131) (0.280)
Hhsize -103.1 -0.0406 0.0419 0.276** -0.0571 0.0221 0.0572 0.00527 0.0822* 0.00431 0.0363 0.155*** -38.67 -567.1%** 0.0141 0.0231 -0.0276 0.00877 0.0155 0.0141 0.0914*
(138.3) (0.0327) (0.0335) (0.123) (0.0953) (0.0259) (0.0715) (0.1086) (0.0435) (0.0974) (0.0602) (0.0571) (25.60) (107.9) (0.0475) (0.0659) (0.0787) (0.0250) (0.0152) (0.0188) (0.0495)
Plot_count 3,595+** -0.305 0.315 -0.563 -0.477 -0.210 -0.349 -1.616 0.313 -0.709 -0.346 0.198 101.8 404.0 0.237 0.954 -1.139 0.362 -0.132 0.349% 0.312
(1,184) (0.337) (0.347) (1.146) (0.962) (0.239) (0.593) (1.097) (0.353) (0.850) (0.650) (0.361) (218.9) (1,127) (0.260) (0.608) (0.724) (0.231) (0.118) (0.183) (0.376)
Region 2 1,075 0.219 -0.225 -2.831%** -1.607* 0.0280 0.654 -1.202* 0.148 -1.932**  -1.015* 0.0853 -146.7 654.8 -0.433% -0.381 0.455 -0.145 -0.167* 0.180 0.162
(1,023) (0.231) (0.239) (0.926) (0.692) (0.188) (0.507) (0.722) (0.279) (0.748) (0.434) (0.333) (192.9) (840.4) (0.250) (0.493) (0.587) (0.187) (0.0990) (0.122) (0.285)
Region 3 1,277 0.122 -0.126 -3.101%** 0.430 -0.0168 1.020* 0.495 -0.122 1.059 -0.00240 -0.197 -262.5 1,113 -0.494* -0.0774 0.0924 -0.0294 0.00955 -0.125 -0.139
(1,046) (0.228) (0.235) (0.943) (0.673) (0.191) (0.526) (0.679) (0.275) (0.743) (0.402) (0.318) (185.2) (743.4) (0.205) (0.494) (0.588) (0.187) (0.104) (0.113) (0.285)
New farm_officer 4.61e-09 0.363*** 0.611* 0.218 -0.0824*** 7.13e-08 0.593%
(0.000139) (0.0859) (0.319) (0.501) (0.00731) (0.000105) (0.329)
New farm_radio -1.01e-07 0.537*** -0.730%** -0.515* -0.154 -9.68e-08 -0.656**
(0.000143) (0.0472) (0.264) (0.290) (0.203) (8.65€-05) (0.326)
New 1.90e-08 0.739*** -0.144 -0.226 -0.697*** -2.78e-08 -0.301
farm_organiz
(0.000190) (0.115) (0.330) (0.491) (0.0564) (0.000105) (0.365)
New 2.42e-08 0.122*** 0.0217 0.0403 0.269*** 2.95e-08 0.0921
farm_farmers
(0.000100) (0.0143) (0.275) (0.287) (0.0275) (8.61e-05) (0.273)
New farm_chief 1.50e-07 0.775*** 0.776** 0.420 0.844*** 7.63e-08 0.802**
(0.000260) (0.0907) (0.333) (0.442) (0.126) (0.000126) (0.359)
Low yield 1.80e-07 0.293*** 0.897*** 0.554 0.605*** 9.51e-08 0.936**
(0.000200) (0.0725) (0.286) (0.369) (0.0606) (9.15e-05) (0.395)
Constant 5,724 -0.501*** 0.517 3.928 -8.124 0.763 2.936 1.957 -0.209 1.839 4.738* -0.275 -929.6 -1,917 2411 1.125%* -1.343 0.427*** 1.303* -0.529 -0.373
(7,256) (0.0446) (0) (5.337) 0) (1.385) (3.728) (4.206) (1.991) (5.167) (2.573) (2.570) (0) (4,420) (0.171) (0.136) (0) (0.0397) (0.759) (0.649) (2.041)
Ins1 8.374* 1.569*** 0.775*** 1.164*** 6.811*** 0.968*** -0.877***
(0.0772) (0.0655) (0.0829) (0.0946) (0.0709) (0.0704) (0.0913)
Lns2 -0.0310 1.253** 0.786*** 0.267*** 7.800*** 1.145%* -1.109***
(0.0890) (0.0821) (0.118) (0.0883) (0.128) (0.0928) (0.108)
R1 -0.208 -15.24 -0.319 -10.71 15.49 15.18 0.250
(0.400) (97.89) (0.424) (10.52) (108.4) (97.95) 0.711)
R2 -15.65 -15.53 0.475 0.133 0.585 -15.78 -0.181
(122.6) (112.0) (0.379) (0) (0.339) (132.1) (0.745)
Observations 171 171 171 171 171 171 171 171 171 171 171 171 171 171 171 171 171 171 171 171 171

Robust standard errors in parentheses
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*% n<0.01, ** p<0.05, * p<0.1



Adapt = 1: Households with joint decision-making; Adapt = 0: Households with sole decision-making

Table A.1: Endogenous switching regression - adopters of joint decision-making and non-adopters (sole decision-making) — “Male headed households” sample onl

Panel 1: Production outcomes

Panel 2: Consumption outcomes

Total value of

No. of climate-smart agriculture

How satisfied are you

Main crop (Millet)

Household food

No. of months of inadequate household

In the last 12 months, did you at any time

crop farming practices with agriculture? farm area size expenditure food provisioning not have enough food?
(1) ) @) (4) (5) (6) (7) 8) ©) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) 1)
VARIABLES Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0 Joint Sole dec 1/0
dec =1 dec=0 dec =1 dec=0 dec =1 dec=0 dec =1 dec=0 dec =1 dec=0 dec =1 dec=0 dec =1 dec=0
Head age2 -2.138 -0.213 0.000348 | -0.000612 -0.000866  0.000375 7.98e-05  -9.94e-05  0.000688** | -9.21e-05 -0.000198 0.000437 -0.0746 3.277**  -0.000113 | 0.000323 -0.000399 0.000121 0.000158 3.74e-05 0.000314
(1.567)  (0.355)  (0.000382) | (0.00123)  (0.00153)  (0.000365) | (0.000993) (0.000500) (0.000346) | (0.000543)  (0.000584)  (0.000381) (0.132) (0.849) (0.000231) | (0.000338)  (0.000416)  (0.000126) | (0.000145) (0.000180)  (0.000289)
Head_education -1,820 98.63 0.237 2.348* -0.151 -0.185 -0.0609 0.0334 0.143 -0.228 0.592 0.341 482.4** 1,299* 0.346 -0.430 0.532 -0.161 0.161 0.0499 0.320
(1,190)  (284.1) (0.296) (1.224) (1.474) (0.257) (0.603) (0.684) (0.272) (0.409) (0.448) (0.297) (216.5) (688.5) (0.292) (0.533) (0.656) (0.199) 0.111) (0.145) (0.221)
Headtrainingdum -957.4 304.2 -0.0910 -0.471 3172 0.382 1.057 2.703*** 0.0594 0.522 0.664 -0.108 655.5** 1,711* 0.0882 -0.210 0.260 -0.0787 -0.0165 -0.152 -0.0332
(1,530)  (419.1) (0.399) (1.522) (1.723) (0.445) (0.840) (1.027) (0.376) (0.528) (0.702) (0.400) (282.5) (1,022) (0.345) (0.740) (0.914) (0.277) (0.150) (0.212) (0.297)
Hhsize -166.0 56.52 0.0733* 0.0993 -0.133 0.0428 -0.128* 0.296** 0.0636* -0.0438 0.100 0.0920** -23.83 -320.9* 0.0226 0.138** -0.171% 0.0516** 0.0330* -0.0285 0.0655**
(152.0)  (44.27) (0.0434) (0.182) (0.204) (0.0374) (0.0755) (0.123) (0.0362) (0.0520) (0.0900) (0.0425) (27.57) (95.93) (0.0478) (0.0694) (0.0843) (0.0258) (0.0139) (0.0203) (0.0275)
Region 2 732.1 -179.3 0.353 -2.686* -1.610 0.336 0.750 1.325 0.631*** -0.784* -0.742 0.358 -32.76 500.9 -0.196 0.111 -0.138 0.0417 -0.0150 0.00461 -0.0295
(1,066)  (301.8) (0.282) (1.118) (1.358) (0.269) (0.552) (0.877) (0.222) (0.370) (0.477) (0.287) (201.9) (741.1) (0.277) (0.512) (0.633) (0.192) (0.103) (0.150) (0.205)
Region 3 1,300 -370.4 -0.140 -0.704 -0.109 0.132 1.476* 0.205 0.148 0.878** 0.225 -0.152 -127.6 223.7 -0.418* -0.00702 0.00868 -0.00263 0.0444 0.108 0.0877
(1,091)  (257.1) (0.263) (1.129) (1.126) (0.268) (0.571) (0.624) (0.223) (0.376) (0.416) (0.262) (200.9) (653.8) (0.223) (0.506) (0.625) (0.189) (0.103) (0.130) (0.204)
Head_age 2485 25.00 -0.0473 0.0710 0.111 -0.0470 0.00790 0.0219 -0.0938** 0.0365 0.0481 -0.0546 20.28 -329.1%** 0.0196 -0.0433 0.0536 -0.0162 -0.0182 -0.00761 -0.0361
(188.1)  (42.53) (0.0458) (0.120) (0.138) (0.0495) (0.119) (0.0524) (0.0428) (0.0652) (0.0706) (0.0456) (12.78) (101.5) (0.0259) (0.0336) (0.0412) (0.0125) (0.0174) (0.0216) (0.0346)
Plot_count 3,465 -165.1 0.591 -1.575 -2.564 0.376 -0.574 1.271 0.666** -0.109 0.138 0.450 157.2 849.7 0.168 1.220* -1.508* 0.457* -0.0598 0.0264 -0.118
(1,227)  (474.5) (0.427) (1.256) (1.805) (0.285) (0.673) (1.334) (0.316) (0.427) (0.791) (0.377) (235.6) (1,099) (0.300) (0.629) (0.772) (0.234) (0.124) (0.234) (0.248)
Head_married 0.979** 0.230 0.899*** 0.773*** 0.108 4.46e-08 0.000702
(0.311) (0.402) (0.105) (0.274) (0.169) (7.30e-05) (0.0113)
newfarm_officer 0.403 0.586 -0.00285 0.402 0.235 3.73e-08 0.000632
(0.348) (0.385) (0.0611) (0.378) (0.345) (9.02¢-05) (0.0136)
newfarm_radio -0.309 0.0170 -0.154* -0.431 -0.0792 -4.49e-08 -0.000258
(0.296) (0.124) (0.0821) (0.267) (0.163) (7.60e-05) (0.00733)
newfarm_organiz -0.466 0.731%** -0.185 -0.439 -0.397* -2.49e-10 -0.000403
(0.335) (0.246) (0.515) (0.323) (0.223) (9.32¢-05) (0.0102)
newfarm_farmers 0.298 0.270 0.0730 0.205 0.0696 1.25e-08 -0.000206
(0.277) (0.185) (0.261) (0.394) (0.207) (7.62e-05) (0.00899)
newfarm_chief 0.626** -0.0921 0.569* 0.853*** 0.508*** 1.33e-08 0.000743
(0.311) (0.273) (0.308) (0.329) (0.142) (8.44e-05) (0.0103)
Low yield 0.457* 0.324 0.282* 0.482* 0.479*** 5.70e-08 -0.000137
(0.265) (0.207) (0.164) (0.269) (0.0798) (8.42e-05) (0.0100)
Constant -5,620 -311.9 -0.563 9.947 3.602 0.0637 8.380** 3.929 1.012 1.904 -0.172 -0.320 -907.2 8,599*** -1.458** -0.103*** 0.127 -0.0385** 0.246 0.598 0.492
(5,827)  (1,264) (1.420) (0) 0) (1.508) (3.631) (0) (1.467) (2.043) (2.175) (1.395) (0) (3,017) (0.735) (0.0129) (0) (0.00370) (0.518) (0.639) (1.030)
Ins1 8.418** 1.607*** 0.989*** 0.448*** 6.857*** 0.983*** -0.685***
(0.0847) (0.140) (0.0738) (0.0848) (0.0724) (0.0713) (0.0724)
Lns2 6.758** 1.587** 0.794*** 0.294*** 7.634*** 1.195*** -0.833***
(0.105) (0.132) (0.214) (0.0906) (0.110) (0.0955) (0.0905)
R1 -0.478* -2.051 -14.48 -0.520* 15.87 15.79 7.832**
(0.291) (1.747) (64.29) (0.273) (126.1) (131.0) (2.911)
R2 0.270 -12.10 0.622 0.00505 0.261 -16.27 -0.130
(0.356) (21.70) (0.746) (0.775) (0.394) (166.0) (0)
Observations 166 166 166 166 166 166 166 166 166 166 166 166 166 166 166 166 166 166 166 166 166

Robust standard errors in parentheses
Adapt = 1: Households with joint decision-making; Adapt = 0: Households with sole decision-making
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**% n<0.01, ** p<0.05, * p<0.1
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