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This paper introduces a new framework to quantify costs and benefits for
resilience-related outcomes of agricultural innovations targeting smallholder
farmers. The framework employs a non-unitary household model with expected
utility to quantify welfare benefits associated with non-monetary outcomes that
are important from a development perspective, such as improved consumption
smoothing, empowerment, and changes in time use. We demonstrate the
application of the framework using a case study of climate information services
(CIS) in Ghana. We develop a set of individual bargaining weights based on the
women's empowerment in agriculture index, to demonstrate how benefits from
CIS are distributed among men and women within households. We find that for
the average risk-averse farmer, using CIS is associated with a 37-percent increase
in expected utility, but male household heads benefit more than women living
in male-headed households. Cost—benefit analyses that do not consider the
intrahousehold distribution of benefits associated with agricultural innovations
will overestimate benefits accruing to women with low bargaining power.

cost-benefit analysis, climate information services, women’s empowerment, climate
resilience, Ghana

1. Introduction

Nearly three-fourths of the 2.1 billion people living in extreme poverty depend on
agriculture as their main source of livelihood (Lele and Goswami, 2021). Increasing frequency
of extreme weather events such as droughts, floods, heat waves, and tropical storms due to
climate change however poses multiple threats to agriculture. Recent global estimates indicate
that about 91 percent of the 7,255 major disasters between 1998 and 2017 were driven by
extreme weather events (Wallemacq and House, 2018). Such events adversely affect crop and
livestock productivity, as well as farmers’ willingness to experiment, invest, and innovate
(Lybbert and Sumner, 2012). This jeopardizes food availability, incomes, and livelihoods,
especially for the poor, smallholder subsistence farmers, and women (Tanner and Mitchell,
2008; Demetriades and Esplen, 2010; Thornton et al., 2014).

Governments and development agencies have sought to reduce the negative impacts of
climate risks on vulnerable populations. They use a variety of approaches to manage weather
risks ex ante, including the use of innovations aimed at building the resilience of the production
systems against climate variability. Examples of these approaches include the provision of
insurance against weather risks (Mahul and Stutley, 2010; OECD, 2015), promoting climate-
smart agriculture (e.g., the use of sustainable and climate-resilient agricultural practices such as
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stress-tolerant varieties, conservation agriculture, and diversified
farming), and climate information services [FAO (Food and
Agriculture Organization of the United Nations), 2010; World
Bank, 2011].

In developing countries, expenditure on agricultural innovation
research increased by over 192 percent within the past four decades
(Fuglie, 2016; Fuglie et al, 2020). Given that most developing
countries have scarce resources, investments in agricultural
innovations to build resilience compete for funds with other important
areas of development such as social protection, health care, education,
and physical infrastructure. Therefore, a better understanding of the
different types of costs and benefits associated with developing and
implementing these innovations will be critical to help justify,
prioritize, and improve investments in them, as well as investments in
the agricultural research-for-development that leads to
these innovations.

Benefits associated with the innovations can be heterogeneous,
and depend for instance on a user’s gender, social class, or marital
status. It is important to quantify benefits for different groups of
farmers (such as women and poorer subsistence farmers). This will
help identify target groups where the greatest potential welfare gains
can be achieved, as well as adjust programming to create greater
benefits for those groups that development practitioners are aiming to
benefit most. This paper provides a framework for analyzing the costs
and benefits of investments in agricultural innovations that aim to
enhance the resilience of smallholder farmers in developing
economies, allowing the estimation of heterogeneous benefits for
various groups of beneficiaries.

A growing literature has been devoted to studying the costs and
benefits of investments in various agricultural innovations; for
instance, climate-smart agriculture (Marta-Pedroso et al, 2007;
Balmford et al., 2011; Sain et al., 2017; Nganga et al., 2017a,b; Wafula
etal,, 2018; Mutenje et al., 2019; CARE-Burundi, 2020; Williams et al.,
2020), and country-level rought insurance (Clarke and Vargas Hill,
2013; Jensen et al.,, 2017; Kramer et al., 2020). Many of these studies
focus on quantifying the expected Net Present Value (NPV) of current
and future cash flows generated by these innovations over their
lifecycle; often discounted at market interest rates to estimate the costs,
benefits, and the subsequent payback period of the investments.

Although the NPV approach adequately captures changes in
expected cash flows, the approach does not account for the benefits of
reduced risk exposure for risk-averse farmers. Damba et al. (2021) and
Smith et al. (2021) for instance acknowledge that while attempting to
assess costs and benefits, they were confronted with challenges in
measuring unintended outcomes as a result of the usage of a particular
technology. Jensen et al. (2017) go a step further, by quantifying the
welfare benefits from improved consumption smoothing and the
benefits of reduced risk exposure for risk averse farmers. They employ
an expected utility model to compare the benefits from agricultural
insurance and unconditional cash transfers among livestock farmers
in Kenya. While serving as an important starting point, this study does
not identify benefits related to the impacts of insurance and cash
transfers on time use, which is an area where this paper contributes.

Moreover, it is important to understand the intrahousehold
gendered distribution of costs and benefits (Kabeer, 1992), since
spouses are likely to have conflicting preferences [such those described
in Haddad et al. (1998), Donni and Chiappori (2011), and Doss
(2013)]. Mutenje et al. (2019) and CARE-Burundi (2020) study gender
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as part of their cost-benefit analyses but do not quantify welfare gains
from improved gender outcomes such as womens empowerment,
which is another area where this paper aims to contribute. Most
importantly, most existing gendered cost-benefit analyses are
conducted at the household level, treating the household head’s gender
as the main variable for gender-disaggregated analyses. Given that
most women live in male-headed households, and the fact that
bargaining power will vary among women living in male-headed
versus female-headed households, focusing only on the household
head will likely bias the gender distribution of cost and benefits of
agricultural innovations.

To address these gaps, our toolkit employs an expected utility
framework to map individual consumption under alternative weather
scenarios into a measure of wellbeing (‘expected utility’), taking into
consideration not only the expected level of consumption but also
higher moments of its distribution, including its variance. In this way,
the framework can capture the utility benefits associated with an
improved ability to manage agricultural risks and smooth
consumption, which is often an important objective for innovations
developed to improve smallholder farmers’ resilience. We extend this
model to include leisure, to capture an innovation’s benefits in terms
of reducing labor burdens, or costs in terms of increasing workloads.
Moreover, by using a non-unitary household model that allows for
variations in individual bargaining power (Chiappori, 1988, 1992)
we measure how the costs and benefits are differently distributed
among men and women in the household. This will help in integrating
the consequences of agricultural innovations related to gender
equality and empowerment into a cost-benefit analysis.

To illustrate the use of the framework, we focus on climate
information services (CIS) promoted through the Accelerating
Impacts of CGIAR Climate Research for Africa (AICCRA) program.
AICCRA is a three-year World Bank funded program that aims to
scale innovations from international agricultural research in six
countries in Africa: Ethiopia, Kenya, Ghana, Senegal, Mali, and
Zambia.! This study uses baseline data collected from 661 farmers
recruited to participate in AICCRA’s CIS program in Ghana. We first
study how the use of CIS is associated with agricultural outcomes
(including investments in farm inputs, agricultural productivity, and
off-farm labor incomes) under three weather conditions: normal,
moderate, and severe’. We then estimate the expected utility with and
without CIS for different household members, taking into
consideration their individual beliefs and preferences. To shed light
on the intrahousehold distribution of costs and benefits related to CIS,
we analyze utility gains separately for three types of individuals: men
in male-headed households (MHH), which are typically the male
heads themselves; women in MHH, which are typically the spouses of
the male heads; and women in female-headed households (FHH),

1 More details on the AICCRA program can be found here:
https://aiccra.cgiar.org/

2 Normal: the weather outcome is above the medium historical ranges;
Moderate: weather outcome within the medium of historical ranges. Severe;
current weather significantly below or way above historical ranges, such as

severe drought or floods.
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including widows and never married female heads with no primary
male-decision maker within the household.’

We find that under moderate weather conditions, CIS users invest
significantly more in farm inputs than non-CIS users and agricultural
payoffs are significantly higher under CIS production regime. On
average, for a risk-averse farmer, using CIS increases the expected
utility by 37 percent. Compared to women in MHH, men have higher
bargaining power, which significantly increases their level of
consumption, and thus their expected utility. Female household heads
have higher levels of consumption than individuals in MHH under
normal weather conditions but consume less under severe weather
conditions. These findings suggest that although women in FHH have
the bargaining power to make decisions, they might lack adequate
access to resources to cope with severe climate events. Women in
MHH are the least empowered, with significantly lower levels of
consumption, and expected utilities, and they draw the least benefits
from CIS. Whereas investing in CIS would create a utility gain that is
equivalent to an increase in consumption of 93 USD for male
household heads, the gains for women are 76 and 65 USD depending
on whether they reside in a FHH or MHH, respectively. These findings
show how household-level analysis can mask important details
regarding the intrahousehold distribution associated with costs and
benefits from agricultural innovation.

The remainder of the paper is structured as follows. In Section
“Background on Climate Information Services (CIS)”, we provide
background on CIS to contextualize the proposed framework to
conduct cost-benefit analysis of resilience-enhancing agricultural
innovations. This framework is introduced in Section “A new approach
for cost-benefit analysis of resilience-enhancing innovations’, along
with the data needed to apply this approach. Section “Empirical
application of the new approach for cost-benefit analysis” presents our
empirical case study, and Section “Discussion and Conclusions”
concludes.

2. Background on climate information
services

CIS delivers data, statistical analyses, tools, and other information
resources about expected future climate conditions - including,
among others, temperature and precipitation scenarios, and sea-level
changes - and their potential impacts on livelihoods (USAID, 2013).
People and organizations can use this information to reduce climate-
related losses and in building resilience to future climate risks. In
agriculture, CIS enables farmers to optimize many aspects of their
production systems, including the timing of sowing, planting, fertilizer
application, irrigation, pest and disease control, harvesting, and post-
harvest handling (Balaji and Craufurd, 2011; Hansen et al., 2011;
McKune et al, 2018), enabling them to improve their farm
productivity and welfare (Naab et al., 2019; Vaughan et al., 2019;
Nidumolu et al., 2020).

CIS have several desirable attributes that make them attractive to
policymakers and farmers. First, CIS increase the accuracy and

3 For the analysis, we classify self-identifying female heads with a male partner

who is a key decision maker within the household as women in MHH.
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reliability of weather forecasts, enabling farmers to make timely
production decisions (Asrar et al., 2020). As such, CIS can have
important labor-and gender-related outcomes. For instance, early
drought warnings and weather forecasts can help farmers optimize
when to plant their crops, thereby reducing the labor burden of having
to plant a second time in case the rains fail (Gumucio et al., 2020).
Second, communication and dissemination of CIS can be conducted
through a diverse suite of freely available or cheap channels such as
mobile phones (SMS, phone calls, and internet), radio, television,
printed media, extension officers (through demonstrations, training,
and visits) and other channels like public meetings, farmer-to-farmer
messaging, and workshops (Yegbemey and Egah, 2021). This can
improve affordability and equity in reach among various groups of
farmers. Third, CIS can be easily tailored to meet the needs of different
groups of farmers, and compared to other risk-management strategies,
the marginal cost of CIS dissemination and scaling is low (Tall et al,
2014; Guido et al., 2020).

Although these advantages are broadly acknowledged, and several
studies have found that farmers have a high willingness to pay for CIS
(Ouédraogo et al., 2018; Dinh, 2020; Gitonga et al., 2020; Antwi-Agyei
et al, 2021a), in many developing countries, especially those in
sub-Saharan Africa, CIS is either missing or it is available as short-
term weather and seasonal forecasts rather than user targeted large-
scale national and regional information that can support long-term
planning (Hansen et al., 2011; World Meteorological Organization,
2014; Georgeson et al., 2017). Moreover, women and poor subsistence
farmers—who are disproportionately vulnerable to the negative effects
associated with climate risks— are more likely to be excluded from
available CIS (Beuchelt and Badstue, 2013; Huyer et al., 2017; Diouf
etal, 2019; Antwi-Agyei et al,, 2021b). Although CIS, if reaching these
populations, could contribute to their empowerment, the information
might not reach them, and in fact, providing CIS could widen
information gaps relative to the groups that are not reached by
CIS. The disempowering effect of this widening information gap is one
potential cost of CIS. Moreover, if households choose to expand their
agricultural production in response to having access to CIS, the
additional that
disproportionally fall on women. It is therefore important to

labor associated with expansion might
document the unintended consequences of CIS for different
household members’ work burdens as another potential cost of CIS.

The Accelerating Impacts of CGIAR Climate Research for Africa
(AICCRA) program bridges these gaps by strengthening and
facilitating the institutional capacity to develop and disseminate
tailored and targeted CIS packages for small-scale farmers. The
targeted CIS packages are expected to increase reach to previously
excluded populations such as women and subsistence farmers.
AICCRA also aims at promoting the delivery of longer-term forecasts
that could help farmers in strategically planning their agricultural
production activities. An important objective for AICCRA is also to
document the impacts of these CIS packages, and their costs and
benefits, including the costs associated with potential unintended
consequences on for instance women’s economic empowerment and
work burdens.

Figure 1 provides an overview of how access and use of CIS
intersect with resilience to weather risks and the potential costs and
benefits associated with CIS use. By gaining improved access to
information about effective climate response measures, farmers will
be able to better anticipate climate-related events and take preventive
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FIGURE 1

Linking CIS to climate resilience (source: Authors’ depiction).

actions that can help safeguard productive activities, avoid catastrophic
losses, and increase return on their investments in farm inputs, land,
and labor. For instance, CIS can allow farmers to plant varieties that
are optimal for the projected weather conditions, or they could
increase their risk-taking capacity and invest in complementary inputs
such as fertilizer, labor, and mechanization. These actions can directly
impact farm productivity and incomes, thus improving household
welfare. CIS could also shift labor burdens for women and men. For
instance, CIS can reduce workloads via mechanization, better division
of labor, or early planning, which can enhance individual and
household welfare. This can also increase an individual’s bargaining
power, but potentially at the expense of others’ say in how household
resources are allocated. If CIS empower groups of individuals that are
currently disempowered, net benefits from providing CIS are likely to
be positive. But CIS could also empower already more powerful
individuals, which may come at a cost of further disempowerment of
marginalized individuals. Furthermore, a recommendation to apply
fertilizer or grow new crop varieties may call for increased weeding
and post-harvest processing, which can worsen labor burdens for
household members (often women) who are tasked with these types
of activities (Walker, 2013; Beuchelt, 2016). This would be a cost
associated with the use of CIS.

3. A new approach for cost—benefit
analysis of resilience-enhancing
Innovations

3.1. Theoretical framework

We model the costs and benefits associated with CIS from a
farming household’s perceptive using a collective household utility
framework (Chiappori, 1988, 1992; Browning et al., 2014), which
we extend to include multiple states of the world, or weather
realizations. Under this framework, household utility is defined as a
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weighted average of the set of (potentially unequal) levels of expected
utility for individual members, aggregated using these family
members’ bargaining weights (Sen, 1984). Most consumption takes
place within the household, based on a common budget that is shared
within the household.* Certain goods, such as food consumption, are
rival private goods, while others, such as house improvements, are
non-rival public goods. When choosing to allocate a limited budget
to various private and public goods, the household takes into
consideration utility outcomes of each member, weighted by that
member’s bargaining weight.

For simplicity, we model a two-person household with individuals
k €{1,2}, and assume that the household optimizes an aggregate of
expected utility for both individuals, weighted by each individual’s

2

negotiation power or bargaining weight @k , where kzwk =1 (Manser

and Brown, 1980; McElroy and Hornery, 1981; Chiappori, 1988),

2 I
I > kEU (Ci.Risy) = o > DUk (Coic Rk 7)
= pa =l gl

(1)

where EU is expected utility aggregated at the family level, Uk ()
is individual f’s utility function, y denotes whether the household uses
CIS (y =D ornot(7 =0), Cy, is the level of consumption for individual

4 We abstract from household members having individual, personal incomes,
that they hide from their household members. There are cases where individual
keep separate finances, however, whenever they both contribute to a household
public good,
(Fafchamps, 2005).

they are regarded as deciding consumption jointly
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k, and Ry is the amount of leisure that this person will enjoy.” Expected
utility for individual &, EUk ()»isan aggregate of individual utilities
across three possible states of the world or weather realizations,
P e{l23] using@y as the probability of realizing weather event ¢ to
aggregate contemporaneous utilities for the separate states of the
world. We consider normal (¢ =0), moderate (p =1), and severe
(@ = 2) weather events.

The household optimizes the level of consumption and leisure
under weather realization @ for each family member £, subject to the
budget and time constraints specified in Equations (1) and (2):

Cok = a)kY(l(plsl¢25A¢;y) +WekZ ok 2)

Rok =T —lpk — Hop — Z ok (3)

The budget constraint, Equation (2), implies that an individual’s
consumption is determined by three variables: net household income
from agricultural production, ¥ () , which is modeled as a function
of both family members’ labor allocation to farm activities, lq),' Jie€ {1,2},
and household investments in farm inputs, Aps the individual’s share
of that income, which is determined by that individual’s bargaining
weight, wy; and the individual’s income from other activities, such as
employment, casual work, and business, which is equal to the wage
rate for those activities, Wyk, times the total number of hours worked
on other activities, Z,;.° The time constraint, Equation (3), specifies
the total amount of leisure that individual f enjoys as total available
time minus any time spent on the farm, l¢k, on domestic work, H, ple>
and other income-generating activities, Zg.

Note that the relationship between agricultural income and inputs
(l¢1,l<p2,A(p) depends on whether the farmer uses CIS to optimize its
farming practices and technologies, 7 . Using CIS could improve the
return on labor, on farm inputs, or on a combination of the two, and
in our framework, that is the only mechanism through which CIS use
can influence utility.” In principle, one could also let the bargaining
weight, oy, depend on whether the household uses CIS, given that

5 Utility Ug () is continuous, increasing (>O)——>U]'c > (). twice differentiable
and strictly concave (<O)——>Uk” () <0). Note that preferences can vary across
family members, since individuals have separate utility functions

6 Note that income from agricultural production is used to invest in
agricultural inputs, which are considered household public goods, and the
remaining is spent on individual consumption, which is considered a rival good.
7 Instead of specifying a functional form for the production function and
estimating how CIS affects the return of net agricultural income, Y() ,on
labor and farm inputs, we estimate gains from CIS directly from empirical
observations of net agricultural income without and with CIS, not accounting
for labor and farm input use. The framework could be extended in cases where
rich panel data allow estimating production functions, and the Appendix
conceptualizes one way to model the impacts of CIS. It suggests that under
normal weather conditions, farmers are expected to do equally well regardless
of whether they use recommendations made by CIS; during severe weather
conditions, farmers are likely losing most of their income, regardless of whether
they are following CIS recommendations; and only during moderate weather
conditions, CIS may make a real difference, protecting farmers’ livelihoods

from negative shocks.
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information can be empowering and increase bargaining weights, but
we abstract from doing so in this paper. As a result, we can quantify
the utility gains from using CIS within this framework by defining a
monetary equivalent A7, of utility gains from using CIS. This
equivalent is implicitly defined in Equation (4) as the amount by
which individual j’s consumption would need to increase in the
absence of CIS, y = (, to match this same person’s expected utility
when using CIS, y =1

EUk(Ck,Rk;I)ZEUk(Ck +Mk,Rk;0) (4)

To make the framework more flexible and easily adaptable, we will
implement a numerical approach to identify this amount A7, instead
of providing an explicit solution for the monetary equivalent of utility
gains from using CIS. This numerical approach requires specifying a
functional form for the utility function, for which we draw on Rupert
etal. (1995):

1-r
(aC” +(1 —a)Rp)?
U(CR)==— ()

1
a 1-r

Here, we define @ as the contribution of consumption to an
individual’s utility (relative to the contribution of leisure), r as the
coefficient of relative risk aversion, and 1/ (1 - P) as the elasticity of
substitution between consumption and leisure. This functional form
may be a simplification of reality, as it assumes full separability and a
constant elasticity of substitution (CES) between consumption and
leisure, but it offers a useful starting point to quantify changes in
expected utility when a program may affect both consumption and
time use.®

3.2. Data requirements

To apply this framework, one needs data on the variables and
parameters included in Equations (1)-(5). In this subsection,
we outline what types of data one could collect to satisfy these data
requirements. This includes various household and individual
attributes such as the distribution of weather outcomes, farmers’
demographic and socio-economic characteristics, climate risks, CIS
access and use, consumption, leisure, and time and risk preferences.

3.2.1. Probability of weather outcomes

The information on weather probabilities can be elicited by
directly asking the respondents about their perception on the
occurrence of severe, moderate, or normal weather condition within
the next 10years, such that the subjective probabilities of these events
occurring sum to one, >.&, = 1. The problem with this approach is
that it is hypothetical, which will not always elicit truthful responses.
It also provides merely a course measure, given that this method

8 Moreover, the numerical approach is sufficiently flexible for someone to
specify an alternative utility function when applying the framework in cost—

benefit analyses.
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allows to construct probabilities only in increments of a decimal. In
case researchers are interested in averages across a population, this will
not necessarily be an issue, given that unsystematic biases in individual
responses disappear when aggregating over larger numbers of survey
respondents, and this will also provide more exact probabilities than
the individual estimates with increments of at most a decimal (0, 0.1,
0.2, etc.). Alternatively, if an individual’s subjective beliefs are an
important outcome measure on their own, one can use more granular
and incentivized methods to elicit beliefs (see Attanasio, 2009, for
an overview).

3.2.2. Distribution of consumption and leisure
across weather scenarios

We define consumption as the expenditure incurred on goods and
services (such as food, health, clothing, education, among others) that
are used for the satisfaction of needs or wants (OECD, 2015). Current
practices for collecting consumption data differ widely across types of
surveys, between countries, and over time, which might compromise the
comparability of the data and measurement (FAO and World Bank,
2018). One can measure consumption through an expenditure approach,
but this is typically a time-consuming endeavor. Instead, in this study,
where we needed to rely on a short survey, we assume that household
and individual consumption growth is correlated very closely with
expected income growth (Skinner, 1987; Jappelli and Pistaferri, 2000;
Howe etal., 2009) and use projected incomes as a proxy for consumption.
Several approaches to collecting income data have been outlined in the
literature (for example, Sweeney et al., 2016). In this study, for each of the
three alternative weather scenarios, we ask respondents to report the
minimum and maximum projected incomes from agriculture, including
crop production, livestock, and livestock activities (¥ () in our
framework), as well as from waged, salaried and trade activities (W¢kZ<pk
in the framework). Income under each weather scenario is then
estimated by averaging over the two values to reduce measurement error
compared to using a single value response of projected income.

Following Alderman and Sahn (1993) and Aguiar and Hurst
(2007), we define leisure as time spent away from market and domestic
work to pursue other activities designed to yield direct utility, such as
entertainment, socializing, active recreation, and general relaxation
(excluding maintenance activities such as sleeping and eating). Leisure
is an important aspect for individuals as it improves social well-being
and long-term productivity (Beatty and Torbert, 2003; Wei et al,,
2016). To estimate the share of time dedicated to leisure, it is important
to understand how individuals divide their 24h among various daily
activities, for which we employ time-use survey guidelines from the
Multinational Time Use Survey Project.” We ask individuals to report
the average time spent on various activities within a day, including
paid work (such as full-time and part-time jobs, commuting to the
workplace, school activities among others), domestic work (such as
cooking, cleaning, caring for children and other family members,
volunteering, shopping among others), farm work (such as planting,
weeding, fertilizer application, harvesting, post-harvest handling,
marketing among others), personal care (sleep, eating and drinking
among others), and leisure (such as pursuing hobbies, watching
television, socializing with friends and family, attending events,

9 https://www.timeuse.org
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among others). One can deduce leisure time from the amount of time
an individual engages in other non-leisure activities.

We ask respondents to provide their time use profile under bad,
normal and good weather realizations, but when someone has
longitudinal panel data with variation in weather realizations over
time, one could use a 24-h time use profile, and estimate how this time
use profile depends on realized weather outcomes, since a 24-h time
use profile reduces measurement errors on time use responses.

3.2.3. Risk preferences

Risk preferences (* in our conceptual framework) are an
important factor in individual decision making on investment, asset
valuation, and life choices. For risk averse farmers, utility gains can
be obtained not only from increases in the levels of consumption and
leisure, but also from a reduction in the variability of these two
variables. For a given consumption and leisure level, utility gains from
reduced risk will be greatest among farmers with higher levels of risk
aversion. It is therefore important to also capture risk preferences."

To date, there have been several approaches used to assess
individual degree of risk aversion. For instance, Binswanger (1980) uses
lottery choices from field experiments to show that most farmers
exhibit a significant degree of risk aversion. Other methods include a
bidding and pricing task (Smith and Walker, 1993), and eliciting buying
and/or selling prices for simple lotteries (Kachelmeier and Shehata,
1992). We adopt a risk preference elicitation method first introduced
by Eckel and Grossman (2002) and validated by Falk et al. (2018) in the
Global Preference Survey.' In this approach, respondents make
hypothetical choices between five lotteries with different levels of risk
and expected payoffs versus a safe option. Measures of risk aversion are
inferred from the levels of risk and expected payoffs in the lotteries at
which respondents switch from preferring the lottery to the safe option.

3.2.4. Bargaining weights

An individual’s bargaining power, @k, will influence the share of
rival household resources allocated to them, which will in turn
influence their utility outcomes (see Equations 1 and 2). This implies
that the intrahousehold distribution of rival resources will favor the
preferences of the spouse with a stronger bargaining weight. Existing
literature presents several ways to measure individual bargaining
power, including the use of consumption ratios for different household
members, income contribution, educational attainment, inheritance,
and asset ownership rights (Blumberg and Coleman, 1989; Friedman-
Sanchez, 2006; Anderson and Eswaran, 2009). Manser and Brown
(1980) and McElroy and Hornery (1981) suggest that an individual’s
bargaining power depends on a threat point, that is, when negotiating,
spouses can threaten to walk away, and therefore bargaining power is
related to how much utility an individual can achieve on their own.
Friedberg and Webb (2006) however argue that several omitted factors
in the previous empowerment measures could bias the outcomes. For
instance, if a spouse earns more because they work more, this might

10 In our conceptual framework, we treat access to CIS as an exogenous
parameter, but in reality, farmers’ willingness to use CIS and their ability to
draw benefits from it will depend on their degree of risk aversion, offering
another reason for why it is important to capture baseline levels of risk aversion.

11 https://www.brig-institute.org
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reduce the time that is available for them to engage in daily decisions
making activities, rendering them disempowered. They therefore
argue that it is better to construct measures of bargaining power based
on questions that directly ask respondents about how major decisions
are made within their households.

To measure individual bargaining power, we follow the approach
described in Friedberg and Webb (2006) and develop an index based
on who has ‘the final say’ between a husband and wife (or opposite sex
adult decision-makers) when major decisions are being made.
We follow the bargaining power indicators outlined in the “input in
productive decision-making” module of the Women’s Empowerment
in Agriculture Index (WEAI; Alkire et al., 2013). In the module,
respondents were asked whether they participated in decision making
regarding various household activities, and if they participated, to
what extent they had an input, and whether they could make the final
decision. These household activities included seed selection, land
allocation to various farm activities, harvesting, rearing of small and
large livestock, household engagement in waged and salaried labor,
and household spending. Our measure reveals whose preferences are
reflected to a greater degree in household choices. By directly eliciting
decision-making power, our analysis overcomes potential omitted
variable bias problems arising in earlier studies."

4. Empirical application of the new
approach for cost—benefit analysis

4.1. Sampling and data collection

To demonstrate the applicability of our framework, we use survey
data collected from the AICCRA intervention communities which
constitute 6 regions in Ghana. The AICCRA intervention is a
continuation of an earlier CIS program implemented by the CGIAR
research program on Climate Change, Agriculture and Food Security
(CCAFS). The data is from a baseline survey from 651 households
conducted in November 2022. The sampling procedure involved a
multi-stage purposive sampling criteria whereby six regions (namely,
Bono East, Central, Greater Accra, Northern, Upper East, and Upper
West) were selected for the study based on population size, agricultural
activities, and climate risks. Using the same criteria, a minimum of
one and maximum of three districts were chosen from each region,
making a total of 11 districts. In total, 38 villages were randomly
selected from all the districts. Sampling was clustered at the village
level: in each village, a sampling frame was developed with the help of

12 The drawback of the model used, and its solution in which consumption
out of household-level net income is equal to total income times the individual's
bargaining weight, is that bargaining weights need to sum to one. This means
that an increase in bargaining power of one family member comes at the
expense of reduced utility for another household member, unless the change
in bargaining weights was accompanied by an increase in net income. This
zero-sum game is against the idea of many empowerment programs that they
are creating win-win solutions. Thus, we see the collective household
bargaining model as a useful starting point, but future research could explore
alternatives to circumvent the condition that bargaining weights need to sum

up to one.
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community leaders, from which households were randomly selected
for inclusion in the study. The village also served as clusters for
treatment randomization, whereby 19 villages were allocated to the
treatment and 19 to control. The data used in this paper were collected
as baseline, before the CIS intervention was rolled out in the 19
randomly selected treatment villages.

4.2. Summary statistics

4.2.1. Household characteristics

Table 1 provides descriptive statistics for the full sample (Columns
1-2) as well as for CIS users versus non-users (Columns 3-4 and 5-6,
respectively), and the difference between the two (Column 7). In total,
61 percent of all households have been using CIS prior to the survey.
The average age of the household head is 45 years and 67 percent of
households are male headed. A significantly higher proportion of
male-headed households used CIS. The average respondent has
completed 3.63years of formal schooling, with CIS users having
significantly higher education levels than non-users. About 49 percent
of the households belong to a farmer’s club and 15 percent are part of
a savings group.

Households derive about 65 percent of their income from crop
farming, indicating that this is their main but not only source of
livelihood. However, CIS users depend significantly more on crop
production than non-users, earning close to 70 percent of their
income from crop farming. About 16 percent of the household income
is derived from livestock farming. CIS non-users depend significantly
more on livestock than CIS users. About 82 percent of farmers
produced maize during the short rains of 2022, indicating the
importance of maize to both CIS users and non-users. Other crops
produced include cowpeas, potatoes, yams, pepper, and tomatoes. CIS
users are significantly more likely to grow potatoes, yams, and pepper.
In the first half of 2022, about half of the households in the sample
experienced shocks that prevented them from sowing, or that
prevented the germination of their seeds. Farmers also reported
shocks that caused crop damage (44 percent), post-harvest losses (20
percent) and livestock deaths (17 percent). Most of these shocks are
experienced equally often by CIS users and non-users, but households
not using CIS are significantly more likely to experience post-
harvest losses.

We also elicited the probability at which different types of weather
scenarios occur, to be able to estimate expected utility by aggregating
utilities for each of the three weather scenarios (J, see Equation (1)].
We did this by asking households to indicate how many of the next
10years they expected to have severe, moderate, versus normal
weather conditions. We then divided their responses to these questions
by 10, in order to derive an individual’s estimate of the probability that
the different types of weather conditions would occur. On average,
households expect severe, moderate, and normal weather conditions
with a probability of 37, 31, and 32 percent, respectively. Importantly,
this did not vary between CIS users and non-users, and thus, when
estimating expected utility, we will use the same beliefs for the two
household types.

4.2.2. CIS use
Figure 2 shows the distribution of topics on which the 402

households using CIS received information through a CIS program.
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TABLE 1 Household characteristics disaggregated by CIS use.
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Aggregate Used CIS Did not use CIS
Mean SD Mean SD Mean SD
(] (2) (3) (4) (5) (6)
Socio-economic and demographic characteristics
Age of household head 45.30 12.99 45.33 13.18 4523 12.67 0.10
Gender of household head (male=1) 0.67 0.47 0.71 0.45 0.60 0.49 0.11%*
Education level (years) 3.63 3.19 3.93 321 3.14 3.08 0.78%*
Membership to farmer’s club 0.49 0.50 0.47 0.50 0.51 0.50 —0.04
Membership to a livestock group 0.03 0.16 0.025 0.16 0.03 0.17 0.01
Membership to a savings group 0.15 0.36 0.16 0.37 0.14 0.35 0.02
Proportion of income from crops 0.65 0.36 0.70 0.35 0.56 0.36 0.14%%%
Proportion of income from livestock 0.16 0.24 0.13 0.23 0.20 0.27 —0.07*
Crops planted in 2022
Maize 0.82 0.38 0.83 0.11 0.80 0.40 0.04
Cowpea 0.17 0.38 0.16 0.37 0.18 0.38 —0.02
Potatoes 0.03 0.17 0.05 0.21 0.01 0.09 0.04%*
Yams 0.23 0.42 0.28 0.44 0.15 0.36 0.12%%%
Pepper 0.13 0.34 0.17 0.37 0.07 0.25 0.10%#*
Tomato 0.10 0.30 0.10 0.30 0.09 0.29 0.01
Experienced shock that
Prevented sowing/poor germination due 0.51 0.50 0.51 0.50 0.49 0.50 0.01
to drought/extreme weather
Caused damage to crops 0.44 0.50 0.47 0.50 0.39 0.49 0.08
Post-harvest crop losses 0.20 0.40 0.16 0.37 0.27 0.44 —0.11%*
Caused livestock death/disease 0.17 0.37 0.17 0.38 0.15 0.36 0.01
Probability of weather outcome for the next ten years
Severe weather 0.37 0.17 0.36 0.16 0.37 0.18 —0.01
Moderate weather 0.31 0.12 0.32 0.12 0.30 0.12 0.01
Normal weather 0.32 0.14 0.32 0.13 0.33 0.15 0.00
Observations 661 402 259

Column (7) provides the difference in means between respondents that “Used CIS” and those that “Did not Use CIS.” We test for significant differences between those two groups using a t-test.

ik < 0,015 #p < 0.055 *p < 0.10.

Information on expected rainfall, including intensity and duration of
rainfall, is the most commonly used form of CIS, followed by
information on recommended planting time, crop variety selection, and
fertilizer application. Advisories on water management, field selection,
weed management and soil management are used less frequently.

4.2.3. Bargaining power

Figure 3 shows the distribution of household bargaining power
among the three gender categories. As discussed, in the theoretical
model bargaining weights are distributes across the prirr%ary and
. . 2ok =1
secondary decision maker within the household such that ;
Even in FHH, where there is only one decision maker on whom the
survey was administered, other family members or community
neighbors, may have influence in the decision-making process. A
woman in a FHH will therefore not necessarily have a bargaining
power that is equal to one. But given that we are defining @ at the
household decision-making level, we maintain bargaining power for

Frontiers in Sustainable Food Systems

08

FHH at 1. In MHH, with both primary male and secondary female
decision makers, Figure 3 shows that male household heads have
substantially higher levels of bargaining power compared to their
spouses (p < 0.01). The lower levels of bargaining power among
women living in MHH is an indicator of their level of
disempowerment and shows how household negotiations and
allocation of household public goods might not favor them.

In theory, CIS could have impacts on bargaining power, as it can
provide family members with information that increases their influence
in household decision-making. However, we do not find significant
differences in bargaining power between CIS users and non-users in
either of the three groups (results not shown here but available upon
request). This means that in the empirical application of our framework,
we are unable to quantify utility gains related to married women’s
increased bargaining power, but in other settings, where CIS users may
enjoy increased bargaining weights, and a redistribution of resources
within the household, our expected utility framework could be used to
quantify the related utility costs and benefits.
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Distribution of household bargaining power. MHH and FHH stands for “Male Headed Households" and “Female Headed Households" respectively.

4.3. Investments, labor allocation, and
household incomes by weather scenario

In this section, we describe the main variables that enter the
budget constraint (Equation 2), including net agricultural household
income, household farm investment, and labor allocations under CIS
and non-CIS production regimes. Table 2 indicates the average farm
investment for CIS users and non-users ( 4) in Ghanaian Cedi under
different weather scenarios and the expected expenditure estimated

3
as Z®¢A¢. The results show that the largest share of farm
invgs:t}nent across the different weather outcomes is allocated toward
fertilizer, hired human labor, seeds, herbicides, and mechanization.
We find that when farmers are expecting severe weather outcomes,
CIS wusers invest significantly more in pesticide, herbicides,
machinery, and hired labor. CIS users also invest significantly more
in seeds, fertilizer, pesticides, herbicides, machinery, and labor under
moderate and/or normal weather conditions. Although farmers in

Frontiers in Sustainable Food Systems

both production regimes have low investment in animal traction and
agricultural insurance, compared to CIS users, CIS non-users invest
significantly more in animal traction under severe and moderate
weather outcomes and they purchase significantly more agricultural
insurance under moderate and normal weather conditions.”
Aggregating across the three weather scenarios, CIS users expect
spending significantly more on fertilizer, pesticides, herbicides,
machinery, and hired labor than CIS non-users. This is attributed to
well informed CIS available at various stages of a production season
and the need to respond to the demands of the services accessed.
Table 3 shows the average daily time allocation (in hours) in various
household activities under different production regimes and weather

13 Farmers may purchase agricultural insurance even in seasons with normal
weather conditions because enrollment windows typically close at the start

of the agricultural season.
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scenarios, as well as the expected number of hours per day, aggregating
3
over the three weather scenarios (for instance, 21®¢lk<p in the case of
o=
on-farm labor). We include activities related to crop production
(including grain production and production for high-value markets
such as horticultural farming) and livestock production (including small
and large animal farming, and aquaculture). Households also reported
the amount of time they spend on non-farm domestic work (including
time spent on cooking, fetching water and firewood, providing unpaid
care work such as taking care of the elderly and children), market
activities (including salaried and waged employment, and business), and
leisure activities (including travel personal care, exercising, or socializing;
but excluding maintenance activities such as sleeping and eating). The
latter is used to construct the amount of leisure that individual
household members experience (Rok in Equation).

Under the three weather conditions, we find that respondents
from households not using CIS allocate significantly more time to
livestock production and domestic activities while CIS users allocate
significantly more time to market activities. There were no statistical
differences in the time allocation to crop production and leisure
between CIS users and non-users. Consistent with our theoretical
assumption, the findings on significant differences in time allocation
in domestic and market activities could signal that CIS can potentially
free up time for users to pursue other market activities, but we do not
replicate these findings in the labor domain.

We finally evaluate the differences in projected household income
from agricultural activities, paid domestic work, waged and salaried
employment, and other household businesses. Table 4 shows that
projected agricultural incomes (both crop and livestock income) are
highest under normal weather conditions and lowest under severe
weather conditions. CIS users project earning significantly higher crop
incomes under each of the three weather scenarios. This could
be directly attributed to the preparedness that the CIS packages
provide to the users which allows for planning of available resources

10.3389/fsufs.2023.1129419

and activities to mitigate negative climate events. At the same time,
CIS users projected higher incomes from livestock and livestock
activities which are significantly higher under moderate and normal
weather scenarios. Consistent to time spent in market activities,
projected business incomes are larger for CIS using households,
however the differences are not statistically significant.

The results further show that CIS non-users project significantly
higher levels of incomes from waged and salaried activities. Moreover,
CIS non-users incomes from domestic activities are higher under
all-weather scenarios, however the differences are not statistically
significant. The findings on domestic and waged or salaried incomes
suggest households that do not use CIS could be more diversified
outside of farm production than their CIS counterparts. At the
aggregate level, the difference in the expected level of income for CIS
users versus non-users is 4,441 Cedis per season (387 USD). This is the
increase in income that the typical CBA would report as the program
benefit. Moving forward, we will analyze how this estimated benefit
changes as we also consider time use and the intrahousehold
distribution of benefits, and introduce a utility framework to analyze
these benefits.

4.4. Consumption and leisure based on an
individual's bargaining power

We apply the utility model described in Section “A new approach
for cost-benefit analysis of resilience-enhancing innovations” to
estimate the costs and benefits associated with CIS and their
subsequent intrahousehold distribution. We begin by estimating
individual consumption based on Equation 4, assuming that this is
equal to Y (.), agricultural income net of investments in agriculture
(4p), multiplied by an individual’s bargaining weight (@), plus
individual incomes from various market activities such that
Cr = or Yo +Wok. Figure 4 shows that for all the three gender
categories, consumption is highest under normal weather conditions,
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FIGURE 4
Intrahousehold distribution of individual-level consumption.
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TABLE 2 Household investment on farm production conditional on CIS regime and weather outcome.

Expected expenditure

Severe weather ( Moderate weather ( Normal weather (
No CIS i CIS No CIS i CIS No CIS i CIS No CIS Diff
(2) (4) (7) (8) (10) (12) (12)
Seeds 311 207 104 343 201 142 358 214 144% 336 207 128
(1167) (568) (1304) (570) (1316) (564) (1228) (557)
Fertilizer 1,058 845 213 1,113 816 297+ 1,151 858 293% 1,105 837 267%
(1837) (1214) (1971) (1149) (21728) (1167) (1957) (1152)
Pesticides 159 80 79 160 88 725 156 84 72wk 158 84 e
(383) (147) (385) (159) (375) (165) (374) (150)
Manure 31 27 4 31 30 1 EY) 36 -4 31 31 0
(104) (97) (104) (107) (102) (130) (99) (106)
Herbicides 383 237 1455+ 442 248 194+ 522 261 261%% 446 248 19755
(812) (491) (11362) (493) (1786) (533) (1209) (492)
Animal traction 10 40 —30% 11 30 —19% 13 30 -17 11 33 —22%
(75) (179) (83) (127) (89) (133) (73) (136)
Machinery 423 267 157+ 435 284 151% 438 296 142% 431 282 150%
(1124) (390) (1115) (389) (11253) (435) (1117) (405)
Hired Labor 1,294 628 666+ 1,559 623 936k 1748 702 10464+ 1,521 651 871wk
(3555) (1658) (4904) (1666) (5606) (1841) (4521) (1695)
Animal fodder 42 49 -7 35 45 -10 37 44 -7 38 46 8
(131) (156) (120) (149) (127) (147) (120) (142)
Ag. insurance 5 11 -6 6 20 —14%* 5 21 —16* 5 17 —11%*
(41) (68) (48) (101) (45) (103) (120) (142)
# of observations 402 257 402 257 402 257 402 257

Standard deviation in parenthesis. We test for significant differences between those two groups using a t-test. **¥p <0.01; **p <0.05; *p <0.10.
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TABLE 3 Household labor allocation conditional in CIS regime and weather outcome.

Activity (hours/

Severe weather ( Moderate weather (

Normal weather (

Expected labor allocation

day)

CIS No CIS i CIS No CIS No CIS CIS No CIS Diff
() (2) (610)) (11) (12)

Crop production 4.37 4.47 —0.10 5.33 5.16 0.17 5.32 5.16 0.16 4.94 4.88 0.06
(0.99) (1.12) (1.14) (1.31) (1.14) (1.431) (1.00) (1.20)

Livestock production 2.58 2.74 —0.16* 2.52 2.68 —0.16* 2.52 2.67 —0.15%%* 2.52 2.67 —0.17%*
(0.78) (1.02) 0.77) (0.91) (0.76) (1.00) (0.73) (0.91)

Domestic work 2.47 2.84 —0.37%%* 2.44 2.79 —0.35%%* 2.44 2.79 —0.35%%* 2.42 2.80 —0.37%%*
(0.72) (1.14) (0.74) (1.03) (0.74) (1.02) (0.67) (1.04)

Market activities 2.76 2.34 0.427%%* 2.45 2.12 0.33%:k* 245 2.15 0.28%:* 2.56 2.22 0.34%#%
(1.41) (1.25) (1.23) (1.21) (1.24) (1.21) (1.24) (1.18)

Leisure 1.91 1.87 0.04 1.88 1.87 0.01 1.79 1.75 0.04 1.86 1.83 0.03
(0.63) (0.54) (0.63) (0.55) (0.58) (0.54) (0.57) (0.49)

# of observations 402 259 402 259 402 259 402 259

Standard deviation in parenthesis. We test for significant differences between those two groups using a t-test. *#¥p <0.01; **p <0.05; *p <0.10.

TABLE 4 Expected household incomes conditional on CIS production regime and weather outcome.

Severe weather ( Moderate weather (

Normal weather (

Expected incomes

No CIS i CIS No CIS CIS No CIS No CIS
(2) (4) (5) (7) (8) (11)

Crop 2,626 1,100 151855 5,237 2041 3197#%% 8,479 3,435 504475 5,305 2,138 316654
(4761) (1636) (9345) (2835) (15858) (4847) (9398) (2928)

Livestock 1,253 839 414 4,687 1,536 3151+ 3,029 1760 1269%* 2,885 1,349 15367
(4250) (2990) (5665) (5584) (12055) (5607) (6047) (4577)

Domestic work 91 198 —107 131 251 ~120 182 260 -78 132 234 -101
(538) (1219) (793) (1383) (1084) (1425) (755) (1300)

Waged/salaried 1,345 1,686 —341% 1,290 2027 —7375%% 1,230 2097 —8677% 1,291 1923 —6327%
(5648) (7559) (5621) (7977) (5591) (7846) (5554) (7653)

Other business 981 690 291 1,038 940 98 2046 1,002 1,044 1,339 867 471
(3777) (3215) (2928) (3881) (7551) (4431) (4437) (3394)

# of observations 402 259 402 259 402 259 402 259

Standard deviation in parenthesis. We test for significant differences between those two groups using a t-test. **¥p <0.01; **p <0.05; *p <0.10.
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and lowest under severe weather conditions. These results are not
surprising considering the fact that farmers realize better agricultural
payoffs under normal weather conditions even without CIS use.
Households that use CIS under normal and moderate weather
conditions realize significantly better (p<0.01) consumption
outcomes than their non-CIS counterparts. Although the
consumption of CIS using households is marginally higher under
severe weather conditions, the differences are not statistically different.

At the individual level, we find that under severe and moderate
weather conditions, men heads in CIS using households have better
consumption outcomes than women in both categories. Women
heads in CIS using household experience better consumption
outcome under normal weather conditions, however, women heads
in both CIS production regime have the worst consumption outcomes
under severe weather outcomes. These findings suggest that even
though women in FHH have the autonomy of decision making in
their household, they might lack adequate access to recourses that
can help them in coping with severe climate events. At the aggregate
level, we find that women in MHH have the least consumption
outcomes, which is directly attributable to their lower degree of
bargaining power. Collectively, these results demonstrate that by
failing to account for intrahousehold distribution of agricultural
innovation benefits, most studies overestimate the benefits accruing
to women.

Next, we estimate the intrahousehold distribution of leisure
under the different weather conditions and CIS production regimes.
Figure 5 shows the amount of leisure enjoyed by CIS users and
non-users. Within each group (e.g., Women in FHH who use CIS),
there were no statistically significant differences in leisure time.
However, CIS non-users in male heads of households enjoy
significantly more leisure time than women (p <0.05), while women
in MHH, have the least amount of leisure under both production
regimes. If CIS helps households free up time, as is often theorized
(Gumucio et al., 2020), then it appears that in our study context,
women did not use these time savings to enjoy more leisure time.

10.3389/fsufs.2023.1129419

Furthermore, the use of CIS did not decrease the labor burden borne
by women living in MHH.

4.5. Estimating expected utility framework
for different types of CIS users and
non-users

To map these results into Equation (7), we first assume that the
relative contribution of consumption and leisure to an individual’s
utility are equal to one another, that is, & = (1—05) =0.5. In an
extension, one could use data on a farmer’s willingness to substitute
income for increased leisure (for which we have questions included
in the survey described in Section “Data requirements”) to calibrate
this parameter, but the current analyses adopt this assumption to
simplify the empirical illustration of the framework. For similar
reasons, we follow Lim and Lee (2021) and Choi et al. (2008) by also
assuming imperfect substitution between consumption and leisure
among all individuals, and fixing p =0.05. We use farmers’
expectations of the frequency at which alternative weather
conditions occur to estimate the probability of the occurrence of
these weather scenarios, such that severe weather occurs with a
probability @2 =0.37, moderate weather with a probability
@1 =0.31, and normal weather with a probability Jo = 0.32. To
evaluate how expected utility with and without CIS varies in risk
preferences, we present results assuming that a decision-maker is
risk averse (+ = 0.5), risk neutral (» = 2), or risk loving ( = 3).

Table 5 shows the expected utility from consumption and
leisure for the different groups of individuals under different
weather scenarios for a risk averse farmer (r=0.5). For all
individuals under consideration, the expected utility from
consumption and leisure is highest under normal weather
conditions, and lowest under severe weather conditions. We find
CIS users attain higher levels of utility from consumption and

leisure than CIS non-users. The differences are statistically

= I
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FIGURE 5
Intrahousehold distribution of leisure.
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TABLE 5 Household utility conditional on CIS production regime and weather outcome.

Severe Moderate Normal Expected utility
No \fe} CIS No CIS No Diff
CIS CIS CIS CIS
(2) (5) (7) (8) (10) (11) (12)
Men in MHH 84.55 6140 | 23.15%¢ 9513 73.89 212485 | 106.10 7821 | 27.89%%% | 9473 70.65 | 24,07
(42.75) | (40.56) (52.82) | (50.07) (5332) | (49.55) (49.25) | (46.38)
Women in FHH 62.13 3024 | 31.89%FF | 6136 3243 | 28.92%%F | 6805 5359 | 1446%FF | 63.79 3839 | 25.39%x
(6213) | (50.49) (63.88) | (51.27) (66.80) | (53.82) (64.17) | (51.80)
Women in 41.07 28.20 12.86% 41.44 32.40 9.04 44.92 32.88 12.04% 4242 31 11.42%
MHH
(50.12) | (48.08) (52.03) | (49.11) (5927) | (52.59) (53.64) | (49.84)
# of obs. 402 259 402 259 402 259 402 259

Standard deviation in parenthesis. We test for significant differences between those two groups using a t-test. *#*p <0.01; **p <0.05; *p <0.10.

different under all-weather outcomes for household heads, and
under severe and normal weather conditions for women in
MHH. These results are consistent with the earlier findings that
CIS use increases the level of consumption across all gender
categories (Figure 6).

Comparing aggregate expected utilities across individuals in
Columns (10)-(12), we find that on average, men heads of households
under both CIS and non-CIS production regimes have the highest
expected utility levels followed by women in FHH. On aggregate,
women in MHH have the lowest levels of expected utility. Overall,
we find that CIS use increases the expected utility from consumption
and leisure by 37 percent.

Figure 6 shows the relationship between an individual’s risk
aversion and the expected utility from consumption and leisure.
Expected utility increases with an increase in the degree of risk-
aversion. For risk averse farmers, production under CIS increases
expected utility relative to non-CIS production. Although the
expected utilities converge as farmers become more risk-taking, it
is worth noting that even at higher levels of 7, that is, at values at
which individuals become risk neutral or even risk taking, we find
that CIS is associated with an increase in utility. The question, of
course, is whether the increase in expected utility is sufficient to
offset the costs associated with the program, and we will address
this question in the next section.

4.6. Introducing costs for cost—benefit
analysis

Thus far, we have focused primarily on the private costs and
benefits associated with CIS. From a policy perspective, a government
or NGO will be interested in understanding the cost implications of
providing CIS services, whether these costs are small enough for the
program costs to be smaller than the private benefits accrued to
targeted beneficiaries, and whether alternative investments could
achieve equal utility gains. To answer these questions, we consider a
situation in which the government or a donor would increase the
consumption of CIS non-users in order to provide them with equal
expected utility as CIS users. This can also be interpreted as the
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monetary equivalent of the utility gains that CIS users achieve relative
to non-users, that is, as the private benefit associated with
introducing CIS.

Figure 7 shows the increase in consumption that each of the three
groups of CIS non-users would need to achieve equal utility as the
three groups of CIS users, or the monetary equivalent of utility gains
associated with CIS. To achieve the same level of expected utility in
one season, MHH from non-CIS households would require on
average an increase in consumption of 1,100 Cedi (93 USD™), while
the required increase in consumption for women in FHH is 900
CEDI (76 USD), and 780 Cedi (65 USD) for women in MHH. Put
differently, investing in CIS would create a utility gain that is
equivalent to an increase in consumption of 93 USD for male
household heads, 76 USD for women in FHH, and 65 USD for
women in MHH. If the total program cost per user is some number
X, the benefit—cost ratio can be defined as 76/ X, 64/ X, and 51/ X for
men, women heads and women in MHH, respectively.”” These
benefit-cost ratios can be compared with other types of programs to
prioritize investments.

Note that these estimated utility gains are substantially greater
than the benefits in terms of increased expected income across
respondents. The utility framework allowed us to quantify the gains
from increased leisure enjoyed by CIS users. In future work, one could
go a step further than presented in the current paper and decompose
the difference in utility gains estimated using the two methods into a
portion that is related to differences in the intrahousehold distribution
of consumption, the introduction of risk preferences, and the
introduction of leisure into the framework.

14 We use May, 2023 conversion rates where 1 USD=11.85 Ghanian Cedi.

15 The comparison of CIS users and non-users draws on variation in whether
households, are using any CIS, from a range of CIS that are available to them.
The goal is to illustrate the use of the framework, not to provide an exact
cost-benefit figure for a particular CIS program. We do not have information
on the implementation costs of the alternative CIS that are available to farmers

in the study population, and therefore leave open the exact cost figure.
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5. Discussion and conclusions

Governments and development agencies have invested millions
of dollars in developing agricultural innovations to help farmers cope
with climate risks ex ante. Understanding the costs and benefits of
these innovations helps in justifying, prioritizing, and targeting the
right packages to the right groups of farmers. Although previous
studies have evaluated the costs and benefits of various innovations to
enhance resilience in agriculture, most studies have focused on
monetary outcomes at the household level, and typically do not
quantify the benefits from gender-related outcomes such as increased
womens empowerment and bargaining power from providing women
with access to better information, financial services, or production
technologies. In addition, given that these studies are conducted at the
household level, The findings might also not be generalizable in
households where members do not share identical bargaining power
and preferences. Finally, existing cost benefit analyses (CBA) typically
do not consider the effects that agricultural innovations have on
farmers’ risk exposure and ability to smooth consumption, which can
have utility benefits for risk averse farmers even if the average level of
consumption remains the same.

The aim of this study was to illustrate a new framework for the
cost-benefit analysis of innovations in agriculture, particularly those
aimed to enhance resilience. It contributes to the literature by
quantifying a range of costs and benefits that have been previously
ignored, while also accounting for how these outcomes are distributed
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among individuals within the household. To that end, we propose a
non-unitary utility framework whereby individuals within the
household are assumed to maximize utility from consumption—based
on their share of payoffs from agricultural production, and the value
of labor that they allocate in the market, determining their payofts
from off-farm activities—as well as leisure. Bargaining weights
determine the share of agricultural output that is allocated to each
individual within the household. Income realizations and associated
decisions are analyzed under three weather outcomes: normal;
moderate; and severe. We aggregate across these three weather
scenarios by taking an individual’s expected utility, using subjective
beliefs of the probability at which each weather scenario occurs.
We analyze utility gains separately for three groups of farmers: men in
male-headed households, women living in male-headed households,
and women in female-headed households.

We illustrate our framework for cost-benefit analysis through an
empirical application, focusing on baseline information collected in
the context of a climate information service (CIS) that is being rolled
out in Ghana with support from a World Bank-funded program on
Accelerating Impacts of CGIAR Climate Research for Africa
(AICCRA). We find that farmers using CIS invest more in their farms,
especially under moderate weather conditions, consistent with the
idea that resilience technologies promoted through CIS are
particularly effective under those types of weather conditions. We also
find that CIS use is positively correlated with agricultural incomes,
which could be attributed to the high farm investment among users.
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Monetary compensation for CIS non-users.

Women living in male-headed households have lower bargaining
weights, translating into lower consumption levels.

Combining these outcomes into our expected utility model,
we find significant differences in expected utility between users and
non-users of CIS. On average, CIS usage is associated with an
increase in expected utility of 37 percent, and we find that the
monetary equivalent of these utility gains is substantially greater than
the benefits one would have derived under more common CBA
approaches, which focus on changes in expected income levels and
investments alone. Future work will explore in more detail what is
driving these differences, and to what extent they are related to the
focus on the intrahousehold distribution of benefits associated with
CIS use, to integrating changes in leisure in the framework, versus the
use of an expected utility framework in which households are
assumed to be risk averse.

Moreover, we find that CIS usage is associated with increased
utility for all three types of individuals, including men in male-
headed households, women in female-headed households, and
women in male-headed households; and that this finding is robust
to changing the parameter of risk aversion assumed in the expected
utility model. However, we find that the greatest utility gains from
CIS accrue to household heads; the monetary equivalents of the
estimated welfare gains correspond to 93 and 76 USD for male and
female household heads respectively, versus a substantially smaller
65 USD for women in male-headed households. These differences in
welfare gains are primarily related to the lower bargaining power and
higher labor burdens of women, relative to the household heads. CIS
usage was not associated with an improvement in these outcomes. If
CIS were associated with an increase in bargaining power among
women in male-headed households, or with lower labor burdens for
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this group of women, we would have expected to see greater
utility gains.

Our study has a number of limitations. First, the theoretical
model ignores time dynamics. It could be that resilience-enhancing
innovations have costs in the present that result in long-term benefits,
for instance in terms of increased productivity from soil conservation,
or simply that there is a learning curve around adopting new
technologies and practices, and that it takes time for the benefits
associated with this adoption to materialize. For tractability,
we abstained from bringing this time dimension into the current
framework, but one could easily extend it to also incorporate future
periods in the utility framework, along with discounting of future
utility terms by using measures of an individual’s time preference.

In addition, in the empirical case study, we relied on a comparison
of farmers using CIS versus those that have opted not to be using
CIS. Any changes in outcomes for CIS users and non-users cannot
be interpreted as causal, and the welfare benefits presented in this paper
purely serve as an illustration of how the framework could be applied.
Ideally, one would estimate gains in consumption and leisure under
various weather conditions using more rigorous econometric methods,
for instance by leveraging randomized controlled trials (RCTs) or
quasi-experimental approaches. Moreover, instead of asking farmers
to project their agricultural incomes, farming investments and time
allocations under different weather scenarios, longer-term panel data
collection could help estimate the effects of alternative weather
conditions on these outcomes, which would provide more objective
measures of the distribution of consumption and leisure. These
limitations will be addressed in future stages of the AICCRA program,
as the program is rolling out a set of RCTs in various settings and
collecting additional rounds of data.
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In conclusion, we find that the use of an expected utility
framework can enrich cost-benefit analysis of innovations that have
been developed with the aim of enhancing resilience. The framework
helps quantify welfare benefits associated with non-monetary
outcomes that are nonetheless important from a development
perspective, such as improved consumption smoothing, changes in
bargaining power, changes in labor allocations and time use, and, for
a given set of bargaining weights, consumption levels and labor
allocations, the distribution of benefits within a household. We show
that it is important for cost-benefit analysis to move beyond
quantifying the net present value of expected income gains, and
consider a broader range of development objectives, as bringing in
non-monetary outcomes can help quantify the outcomes that public
sector investments are looking for.
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Figure Al illustrates how CIS can benefit the farmer through increased agricultural payoffs. Payoffs depend on CIS use (which we denote
by the symbol ) and weather conditions (). The dashed line indicates payoffs for a farmer that is not using the recommendations provided
by CIS (¥ = 0), while the solid line indicates payoffs for a farmer that is implementing the recommendations by CIS (¥ =1). Under normal
weather conditions, ¢ < ¢° payoffs are at their maximum level, and farmers do not need CIS to attain this maximum payoff. When facing
moderate weather conditions, ¢ e S(po,(pl , farmers are experiencing reduced payoffs under normal practices, as existing practices and
technologies are not sufficient to ad
by CIS, a farmer can mitigate some of these losses, and experience the adverse effects of climate risks only once weather conditions become

more severe, @ € §01,902 . In years with extreme weather conditions, ¢ > (02, payoffs tend to zero regardless of whether a farmer is using

ress the stress imposed on crops and livestock. However, when following the recommendations provided
CIS. We will use this simple model for the relationship between payofts from agricultural activities, weather conditions, and the adoption of CIS

to structure our framework for cost-benefit analysis.
on whether a farmer adopts CIS-recommended practices in normal or severe states of nature, but under moderate weather conditions, CIS-

Following Figure A1, we assume that for a given level of labor and agricultural investment, income from agricultural production does not depend
recommended practices shield agricultural payoffs from losses. Formally, Y(-;l’l) = Y(';O,l) < Y(~;0,2) < Y( ~;1,2) < Y(~;1,3) = Y( ~;0,3) .
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FIGURE A1
Density of Weather shocks and payoffs due to CIS (Adapted from Kramer and Ceballos, 2018)
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