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ABSTRACT

This study summarizes the concept of the food-energy-water security nexus (FEW nexus). The aim is
to create awareness about the importance of the nexus and to enable stakeholders to consider
interconnections between the sectors in their work. The FEW nexus is discussed in the context of
Africa south of the Sahara (SSA)—using Malawi and Mozambique as case studies.

Even though analyzing food, energy, and water security issues simultaneously is critical given
the interconnections, summarizing interventions with the FEW nexus approach in Malawi and
Mozambique, we found that there are only a limited number of interventions in place.

Additionally, this study reviews macro- and microeconomic models that are able to analyze
the FEW nexus. On the macrolevel, especially general equilibrium models are discussed, because they
show trade-offs and synergies of nexus interventions at all economic levels. These models can help
guide policymakers’ understanding of nexus effects ex ante and convince them to think beyond their
respective political departments. On the microlevel, the impact of nexus interventions can be assessed
with qualitative and quantitative approaches. There are specific challenges for nexus interventions
when it comes to aggregation and planning of the targeting. A secondary data analysis of nexus
interventions shows that existing data is not sufficient to conduct research specifically related to the
FEW nexus.

The results of this study will help research programs to reflect the key questions required to
enhance adoption of FEW technologies and inform policymakers as they formulate policies that will
exploit the strong synergies of food security, energy, and water investments.

Keywords: food-energy-water security nexus, nexus intervention, simultaneous analysis,
Malawi, Mozambique
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1. INTRODUCTION

Food, energy, and water are essential aspects of life, yet many do not have adequate access to these
resources. Estimations are that 842 million people suffer from chronic hunger (FAO, IFAD, and WFP
2013); 768 million do not have access to improved drinking water sources (WHO and UNICEF 2013);
and approximately 3 billion people cook their food and warm themselves on open fires fueled by wood,
straw, charcoal, coal, or dung, which are very inefficient and damaging to health (WHO and UNDP
2009). Projections indicate that food, energy, and water insecurity will increase in the coming decades
(UNEP 2007; Meade and Rosen 2013). Analyzing food, energy, and water security issues simultaneously
is critical given their interconnections. The term nexus has been increasingly applied to describe
opportunities and challenges related to interlinkages between food, energy, and water. For example, in
2012 Secretary General of the United Nations Ban Ki-moon spoke of the food-energy-water security
nexus (FEW nexus) and the importance of linking and pursuing the three sectors together (UN 2012). One
reason for the increasing use and awareness of the FEW nexus is the greater impacts on food, energy, and
water resources caused by increased population, income, middle class, urbanization, globalization, land
degradation, and climate change (Hoff 2011). Although the FEW nexus is far from novel, it may be useful
in focusing capacity and spreading awareness (Muller 2013). Its application may be greatly expanded if it
is integrated into the Sustainable Development Goals, the follow-up to the Millennium Development
Goals.

This paper aims to more clearly define the FEW nexus, conceptualize its synergies and trade-offs,
and analyze why nexus interventions are not more widely applied; elaborate on case studies of nexus
policies in Malawi and Mozambique and provide a framework for how to analyze nexus policies through
household-level and economywide models; and analyze secondary data through a nexus perspective in
Malawi and Mozambique. We focus on how the FEW nexus applies to rural areas in developing countries
because the majority of people living in extreme poverty are in rural areas with agriculture as their main
source of livelihood (IFAD and UNEP 2013). Moreover, given that the highest proportion of people who
suffer from hunger, rely on rainfed agriculture, and use unclean cooking facilities are in Africa south of
the Sahara (SSA) (FAO, IFAD, and WFP 2013; IWMI, undated), the case studies focus on this region.

Defining the FEW Nexus

Despite the increasing use of the term nexus being applied to food, water, and energy security, few
definitions of the FEW nexus are concrete. A clear definition of the FEW nexus would help to enable
stakeholders, such as policymakers, the private sector, practitioners, and academics, to communicate more
effectively. This, in turn, would allow stakeholders to better develop nexus interventions and analyze
outcomes. Previous definitions of the nexus include “how and where these three systems intersect”
(Hanlon et al. 2013, 7); “the complex relationships and tradeoffs between these tightly linked systems”
(Gerholdt and Pandya 2009, 2); and “a ‘system’ governed by complexity and feedback mechanisms that
cannot be reconciled by studying each component separately” (Savic 2012, 22). In our opinion, these
definitions are not specific enough to allow the FEW nexus to be pragmatically analyzed and applied. The
definition we propose is as follows: The food-energy-water security nexus encompasses synergies and
trade-offs between food, energy, and water security that are impacted by endogenous and exogenous
drivers and cannot be captured if these sectors are analyzed in isolation.

Figure 1.1 contains the conceptual framework of the FEW nexus. As shown, food, energy, and
water security entails trade-offs and synergies. In other words, increasing the security of one sector may
negatively or positively affect that of another sector; for example—

® Water for energy: Water is needed for cooling, extracting fuels, and producing energy.
® Energy for water: Energy is needed to supply, treat, collect, pump, and desalinate water.

® Water for food: Enhanced water efficiency can improve food security through more
harvests per year, higher yields, and improved diversification (Burney et al. 2010).



Irrigation may create labor opportunities, which enhance food accessibility through
higher off-farm income (Asayehegn 2012). Water-related diseases are the main cause of
food insecurity among children by decreasing food utilization.

® Food for water: Increased pressure on food systems increases water demands along the
supply chain.

® Energy for food: Energy is inherent in food production, supply, and preparation, such as
through fertilizers, mechanization, and fuels.

® Food for energy: Food crops can be used to produce biofuels.

Figure 1.1 Conceptual framework of the FEW nexus
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Source: Authors’ creation.

Food, energy, and water security are affected by indirect and direct parameters, which are both
outcomes and effects of the nexus. Drivers include institutions and governance systems (Nkonya, Pender,
and Kato 2008b), infrastructure (Boyd and Slaymaker 2000), demographics, technology like molecular
biology, climate change, and natural resources (Ringler, Bhaduri, and Lawford 2013). Endogenous
drivers always directly affect at least food, water, or energy security, whereas exogenous drivers can be
distinguished as either direct or indirect. The distinction between direct and indirect effects is important: a
direct effect occurs if a policy through no other mechanism has an effect on water, energy, or food
security (or any combination), whereas an indirect effect is triggered by a complementary system other
than energy, food, or water, such as through spillover effects or other mechanisms like markets and
prices. For example, rainfall is considered to be a direct exogenous driver, whereas exchange rates are an
indirect exogenous driver because they affect several macroeconomic systems and through these system
changes they eventually affect water, energy, or food security through changes in the ability to import



technology or export food, for example. An example of an exogenous drivers is good governance in
natural resource management, which is a driver embedded within the nexus and may impact water
security. Yet, decreased water security may affect good governance by increasing pressure on its rules
and regulations. Thus, because governance is a driver directly affecting water security and is also affected
through feedback and feed-forward loops, ' it is an endogenous system variable. In fact, many synergies
and trade-offs among water, energy, and food security are endogenous drivers causing the nexus to react
or adapt. Moreover, the nexus itself affects drivers through feedback and feed-forward loops.

Other nexuses are related to the FEW nexus. Some entail a different ordering, such as the water-
energy-food security nexus (Hoff 2011; Smakhtin and Ringler 2013), or incorporate other components
into the nexus, such as the food-energy nexus and ecosystems (UNESCO 1987), the soil-water-waste
nexus (Lal 2013), and the water-food-trade nexus (McCalla 1997). In addition, the FEW nexus has been
expanded to explicitly include more concepts, such as the water-energy-land-food nexus (Ringler,
Bhaduri, and Lawford 2013), the water-energy-food-climate nexus (World Economic Forum 2011), and
the water-energy-food/feed/fiber/fuel—climate change nexus (World Business Council for Sustainable
Development, undated).

This leads into two opposing criticisms: that the nexus already entails too much and that it does
not include enough. We believe that these criticisms can be mollified by avoiding a “throw everything
into the kitchen sink” approach. Instead of expanding the FEW nexus to explicitly include related
components, these aspects should be embedded in the FEW nexus and elaborated upon depending on
users’ needs. For example, soil is inherent in the nexus it is affected by and affects all three components
of the nexus. Figure 1.1 excludes long-term developments such as climate change, urbanization, and
population growth, which affect the FEW nexus and which, in turn, may also be affected by the nexus.
These trends are excluded for analytical purposes since everything can be considered an endogenous
driver of the FEW nexus in the long term. We therefore adopt a shorter time horizon of 10-20 years for
the remainder of this paper and propose this time period for analytical purposes and to keep policymakers
focused. The inclusion of these factors may, in part, result from the recognition of the endogeneity of all
systems in the long run. The shorter time horizon would result in excluding climate change and
demographic changes, for example, from the nexus. Applying the nexus by geographical region or along
an urban—rural divide may further enable stakeholders to focus their application of the FEW nexus. For
example, Ursula Eid, co-chair of the Bonn 2011 Nexus Conference, recommends nexus nuclei for each
region. We support this initiative yet do not elaborate on this idea further since it does not contribute
conceptually to this paper. Below, we build upon the definition of a FEW nexus by defining a nexus
intervention.

Definition of a Nexus Intervention

Given that the importance of the FEW nexus concept is to enable stakeholders to find tools, interventions,
and research methods to improve and better understand food, energy, and water security when
considering interactions and trade-offs among these goals, it is important to clearly define a FEW nexus
intervention (hereafter, “nexus intervention”). Thus far, no definition of what a nexus intervention entails
has been explicit, and attempts have been vague. For example, a report written from the Bonn 2011 Nexus
Conference states that a nexus approach “integrates management and governance across sectors and
scales. Conventional policy and decision-making in ‘silos’ therefore needs to give way to an approach
that reduces trade-offs and builds synergies across sectors—a nexus approach” (Hoff 2011, 7). Although
it is evident that a nexus intervention needs to affect the different sectors within the nexus, it is unclear if
all three sectors need to be affected by an intervention and if these affects are direct or indirect. We
propose the following definition: To be considered a nexus intervention, the intervention must impact
food, energy, and water security, of which at least one impact must be direct. If the distinction between

I'The term feed-forward loops is mainly applied to the genetic literature (for example, Murugan 2012). Here, a feed-forward
loop is signified as meaning that the driver can affect future nexus adaptations.



indirect and direct effects is removed from the definition, then nearly any policy could be considered a
nexus policy, including exchange rate policies, which indirectly affect all three sectors.

Table 1.1 shows examples of nexus interventions and the direct and indirect effects they may
have on water, energy, and food security. The interventions shown affect endogenous drivers such as
price and availability, thereby creating direct effects on water, energy, and food security. Exogenous
policy variables, such as exchange rates or improving general trust in society through better institutions
and legislation, are excluded. Food, energy, and water security are multidimensional and exist both at the
macro- (global, regional, and national) and micro- (household or individual) levels. The availability of
food, water, and energy through macrolevel policies are essential for improving their access at the
microlevel. However, cases may exist in which a policy that has a positive effect on the macro dimension
could negatively affect the micro dimension. For example, the promotion of biofuel production could
increase macrolevel energy security; however, if forests need to be cleared to make land available for
biofuel production, the rural population will need to walk even further to collect sufficient firewood, thus
decreasing their microlevel energy security. Therefore, exploring both macro- and microlevel aspects of
food, energy, and water security is pertinent not only separately but simultaneously as well.

Table 1.1 Examples of nexus interventions

Intervention

Water security

Energy security

Food security

More efficient irrigation

Improved soil conservation
techniques (such as
mulching, nitrogen-fixing
leguminous trees,
intercropping fruit trees)

Biofuel production

Fertilizer subsidy

Energy-efficient
cookstoves

Direct: Improved

water use efficiency.

Direct: May improve
water retention of
soils.

Direct: Water is
required to produce
crops for biofuels
and to produce
biofuels.

Direct: Runoff from
fertilizer may
negatively impact
water resources.

Direct: If less wood
is used,
deforestation
decreases, which
increases water
retention of soils.

Direct: More energy
required for irrigation,
such as from diesel for
motor pumps.

Direct. May decrease
use of fertilizers and
fossil fuels. In case
machinery is needed for
land preparation, fossil
fuel demand may
increase.

Direct: Energy security
is enhanced through
less dependence on
fossil fuels.

Direct: May increase
demand and use of
fertilizers and fossil
fuels.

Direct: If the cookstove
is used less, then less
energy is needed to
cook.

Direct: May improve yields.
Indirect: Employment
opportunities from the
irrigation system may improve
food access.

Direct: Yields may improve,
especially in the long run,
from improved soil quality.
Food security may improve if
the availability of nutritious
foods or yields increases.

Direct. The production of
bioenergy from food crops
may reduce food availability.
Indirect. Food accessibility
may improve if income gains
offset reductions in food
production.

Direct: Improved yields
increase food availability. May
affect dietary diversity if it
encourages farmers to plant
different crops.

Indirect: Food access may
improve if farmers have more
leftover resources.

Indirect. May occur through
changes in cooking habits
and in time—labor allocation.

Source: Authors.



Why Is the Nexus Approach Difficult to Adopt and Apply?

After an extensive literature review, we were surprised to identify only two policy interventions that were
considered nexus interventions ex ante. This is a result of the nexus approach being difficult for
policymakers, organizations, the private sector, researchers, and other stakeholders to adopt and apply.
One reason for this is that the FEW nexus depends upon and impacts common pool resources,” such as
groundwater basins and forests, which can be difficult to manage (Ostrom et al. 1999; Hardin 1968). The
matter is further complicated by the interlinked nature of these systems, which yields their management
more difficult (Ostrom et al. 1999). Moreover, food, energy, and water security are global public goods
because of the global concern about the nexus and an interdependence of regions related to the nexus
(Savic 2012). Complicating matters further are self-sovereignty and security issues related to water,
energy, and food as well as a lack of an enforcing mechanism at the global level to ensure that water,
energy, and food resources are being protected (Savic 2012). In the absence of a silver bullet property
regime to manage fairly and sustainably common pool resources (Ostrom 1999; Ostrom et al. 1999),
further research is needed on what type of institutions, technologies, and policies work best in different
settings with respect to sustainably and effectively managing the FEW nexus, so that policymakers and
other stakeholders can be better informed.

A mantra of the nexus approach is to abandon the silo approach and adopt a systems approach
(Hanlon et al. 2013; IGEL 2013), requiring an interdisciplinary approach. According to Hardin, “The
more specialties we try to stitch together, the greater are our opportunities to make mistakes—and the
more numerous are our willing critics” (1968, p. 683). For policymakers, the nexus approach requires that
different ministries work together, yet they have little incentive to do so because of barriers to
collaboration, which Hardy, Turrell, and Wistow (1992) identify as structural, procedural, financial, and
professional as well as based on status and legitimacy concerns. For example, budgets, reporting, and
accountability are often specific to individual ministries. Disadvantages of agencies working separately,
so-called pitfalls of individualism (Huxham and MacDonald 1992) are repetition, omission, divergence,
and counterproduction. Interagency cooperation is theorized to be the result of either rationality
(efficiency) (Challis et al. 1988) or altruism (Booth 1988) for the community (Hudson et al. 1999).
Recommendations for encouraging cooperation among different agencies include to develop and agree on
common goals, share responsibilities to obtain these goals, and work together to achieve these goals
(Brunner 1991 in Murk 1994).* Without a reorganization of the government budget, such as to encourage
interministry policies, nexus policies are difficult to adopt because policymakers are unsure if their
ministry is responsible for a nexus policy that cuts across different sectors. Other options for increasing
interaction across ministries include having a lead department take responsibility, having a
nonparticipating minister be a coordinator, and having ministers take collective responsibility (Wilkins
2002). Key is that horizontal accountability measures should replace vertical ones (Ryan and Walsh
2004). Cooperation among researchers across disciplines is also challenging because of the lack of an
articulated framework, the time required for group processes, misconceptions that disciplines may have of
one another, language barriers, and publishing concerns (Campbell 2005; Picket, Burch, and Grove 1999;
Parker 1994; Redclift 1998). The private sector can also help in improving water, energy, and food
security, but they too need incentives. Another incentive is to work on a common problem (Picket, Burch,
and Grove 1999). For the FEW nexus, the common problem all three sectors face is increasing pressure
on natural resources. However, stakeholders need evidence.

This paper focuses on the application of the FEW nexus in Malawi and Mozambique. Malawi’s
long-term and overarching policy strategy is Vision 2020, which aims to transform the country to a
middle-income economy that is democratically mature and self-reliant with equal opportunity by 2020
(GOM 1998). The development strategy in Vision 2020 was enacted with nine priority areas. The
strategic priorities most relevant to the FEW nexus are agriculture and food security, which aims to

2 Common pool resources are resource systems, regardless of the property rights involved (Ostrom et al. 1999).
3 For further reading, we recommend Hudson et al. (1999) for theoretical and conceptual explanations on interagency
cooperation and a report by the United States Government Accountability Office (2014) for practical guidelines.



enhance food security by increasing and diversifying agricultural production through improving extension
services, agricultural markets, and national food storage capacity (GOM 1998); energy; integrated rural
development; Irrigation and water development; and natural resources and environmental management.
Mozambique's long-term development strategy is described in the Agenda 2025. Following the proposed
strategies, the government formulated the Five-year Program of Government for 2010 to 2014. The
development of the agricultural sector is a priority area, especially increasing productivity, supporting
small- and medium-scale irrigation, developing roads and markets, and managing the available natural
resources sustainably (AfDB 2011).

In the following section, we provide an overview of policies that can be considered FEW nexus
interventions in Malawi and Mozambique. Section 3 specifies how macrolevel analyses on nexus
interventions can be analyzed using ex ante analysis through various methods. At the end of the section a
macrolevel model of small-scale irrigation suitability is examined. Section 4 specifies how microlevel
analyses on nexus interventions can be examined and contains an analysis of food, energy, and water
securities as well as the adoption of FEW nexus technologies based on secondary data from Malawi and
Mozambique. Throughout the paper, research gaps are identified and opportunities for future research and
policy options are explored. The final section concludes by summarizing the main findings and offering
steps forward for future research and applications of the FEW nexus approach.



2. NEXUS INTERVENTIONS IN MALAWI AND MOZAMBIQUE

Nexus interventions that have been promoted as such in the true sense of the term are rare in developing
countries, especially in SSA. Two examples in the literature are an irrigation and electricity project in
Gujarat, India, and a payment for ecosystem services scheme in Kenya (Hoff 2011). This section
concentrates on interventions that can be considered nexus interventions in Malawi and Mozambique but
were not promoted as such. In particular, through a nexus approach we examine a fertilizer subsidy
program, irrigation, hydroenergy, biofuels, agroforestry, and improved cookstoves in Malawi and
Mozambique. We discuss their potential micro- and macrolevel impacts, highlighting previous studies
and research gaps related to analyzing the impacts of these policies through a nexus perspective.

Malawi Food Security Policies: Farm Input Subsidy Program

Malawi’s Farm Input Subsidy Program (FISP) is a nexus intervention that has shaped the country’s
development and agricultural policy the most. This national program began in 2005 after the end of
several maize input subsidy programs from the 1990s and severe droughts early in the following decade
(Dorward et al. 2008). Since its inception, its expenditures have accounted for more than 60 percent of
Malawi’s agricultural budget (see Table 2.1). FISP aims to enhance food security through improving
agricultural productivity by increasing maize production, promoting household food security, and
increasing income (Lunduka, Ricker-Gilbert, and Fisher 2013) by decreasing the costs of fertilizer and
improved maize seed for poor smallholder farmers (Arndt, Pauw, and Thurlow 2013). The program
targets almost half of all Malawian farmers, but targeting has been unsuccessful in many cases (for
example, Dorward et al. 2008; Houssou and Zeller 2011). Farmers who qualify are supposed to receive
two 50-kilogram bags of fertilizer and in some cases modern maize or soybean seeds. Although per capita
food production has increased significantly since FISP began (see Figure 2.1), per capita protein and
energy requirements are on or below the borderline (Figure 2.2 and Figure 2.3)—and whether FISP is
responsible for these increases has been questioned.

Table 2.1 FISP investment

Cropping year 2005/2006 2006/2007 2007/2008 2008/2009 2009/2010 2010/2011
Total fertilizer subsidized 131.39 179.00 216.56 202.28 160.00 160.00
(‘000 MT)

Total maize seed N/A 4.52 5.54 5.37 8.65 8.00
subsidized (‘000 MT)

Total legume seed 0.00 0.00 0.02 N/A 1.55 1.60
subsidized (‘000 MT)

Fertilizer subsidy rate 64 72 79 91 95 90
paid by government (%)

Total program cost (US$  55.71 88.69 114.62 274.92 114.60 127.47
million)

Total cost as % N/A 61 61 74 62 61
agricultural budget

Total cost as % of 5.6 8.4 8.9 16.2 8.2 6.5

national budget

Source: Lunduka, Ricker-Gilbert, and Fisher (2013).
Note: ~ MT = metric tons.



Figure 2.1 Per capita production in Malawi, Mozambique, and Africa south of the Sahara regions
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Figure 2.2 Daily protein supply in Malawi, Mozambique, and Southern Africa
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Figure 2.3 Energy supply in Malawi, Mozambique, and Southern Africa
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Note:  Energy requirement calculated assuming an average basal metabolism rate (BMR) of 1.75, which is the amount of
energy expenditure for basal metabolism per day (FAO, WHO, and UNU Committee 2001).

Before proceeding with previous studies’ findings on the impact of FISP on food, water, and
energy security, we discuss why this agricultural input subsidy program can be considered a nexus
intervention. A possible direct impact of input subsidies on food security is apparent through higher
national food production, that is, macrolevel food security, and better access to and utilization of food
from higher subsistence maize production and disposable income, that is, microlevel food security. Direct
effects on water and energy security are less obvious. On the one hand, an increase in food production is
likely to entail a higher demand for water and thus decrease water availability indirectly. On the other
hand, given the definition of water security by UN-Water, which emphasizes “acceptable quality water”
(UN Water 2013) as a dimension of water security, fertilizer subsidies may directly influence water
security. Mineral and chemical fertilizer can be washed away by rain into rivers and lakes and cause
eutrophication, which drastically increases algae. Moreover, extensive use of fertilizer can pollute ground
and drinking water (Ongley 1996). Therefore, FISP may have direct and indirect impacts on water
security. A direct relationship between energy security and fertilizer exists since the production of
ammonia and nitrogen fertilizer requires energy in the form of natural gas. Since Malawi is a net importer
of fertilizer, the production of nitrogen does not directly affect energy security in Malawi; however, if one
analyzes the potential effects of FISP on energy security at the national level, one can find indirect
linkages through higher agricultural output, potentially leading to economic growth and higher energy
demand.

Many studies analyze whether FISP has impacted food security, though few examine energy or
water security (Table 2.2 contains a summary of these studies). Within the handful of studies examining
the impact of FISP on energy security is evidence of both positive and negative impacts (for example,
Chibwana, Jumbe, and Shively (2012) for deforestation). Although no studies explicitly examine effects
of FISP on eutrophication of rivers and lakes, eutrophication is likely to have increased in recent years
from increased fertilizer use and other causes such as deforestation and soil erosion. However, a recent
study did not find that increased fertilizer use through FISP led to alarming nitrate levels in Malawi’s
groundwater (Von Hellens 2013). In addition, Hecky, Bootsma, and Kingdon (2003) and Otu et al. (2011)
find evidence of early stages of eutrophication in Lake Malawi before 2003, two years before FISP began.



In terms of the impact of FISP on food security, several studies find large increases in maize output and
thus in food availability at macro- and microlevels (Douillet, Pauw, and Thurlow 2012; Arndt, Pauw, and
Thurlow 2013), yet favorable weather conditions are likely to have made significant contributions to these

improvements (for example, Dorward et al. 2008). Moreover, general equilibrium simulations find
substantial improvements in food access and utilization through improvements in calorie and nutrient
deficiencies (Ecker, Breisinger, and Pauw 2011). This may stem from findings that improved land
productivity for maize resulting from FISP led to land reallocation and higher crop diversification
(Douillet, Pauw, and Thurlow 2012; Arndt, Pauw, and Thurlow 2013). Other indirect effects on food
security may result from the crowding out of private agricultural input markets caused by FISP (Mason

and Ricker-Gilbert 2013; Ricker-Gilbert, Jayne, and Chirwa 2011).

Table 2.2 Impact of fertilizer subsidies in Malawi

Study Geographical Outcome(s) Key finding(s)

focus measured
Chibwana et al. Kasungu and Machinga Maize yields Maize yield was positively associated with
(2014) districts receipt of subsidized fertilizer.

Chibwana, Fisher,
and Shively (2012)

Kasungu and Machinga
districts

Chimaliro and Liwonde
Forest reserves in
Kasungu and Machinga
districts

Chibwana, Jumbe,
and Shively (2012)

Chirwa (2010) Nationally
representative

household survey data

Chirwa et al. Nationally

(2011) representative
household survey data

Fisher and Nationally

Kandiwa (2013) representative

household survey data

Holden and
Lunduka (2010)

Kasungu, Lilongwe,
Machinga, Zomba,
Chiradzulu, and Thyolo
districts

Holden and Same as above

Lunduka (2012a)

FISP coupon receipt and
crop allocation

Forest clearing

Real per capita annual
expenditure

Probability of commercial
and/or subsidized
fertilizer application

Monetary value of the
FISP coupon redeemed
for modern maize and
adoption by male and
female farmers

Maize area share, tree
planting, and forest
clearing

FISP coupon receipt

Asset-poor and female-headed households
were less likely to receive FISP coupons;
receipt of a FISP coupon was associated
with an increase in the share of land planted
with maize.

Households that received FISP coupons
had lower forest clearing than those that did
not receive the coupon; indirect negative
forest effects arose due to the use of trees
to construct tobacco drying sheds.

Annual per capita expenditure of
households receiving full fertilizer coupon
package increased by 8.2% compared with
nonrecipients.

No significant difference in fertilizer
application by gender of the plot manager
for households that received subsidized
fertilizer and did not have access to other
fertilizer.

Female household heads had a higher
value of redeemed coupons than male
household heads; FISP did not seem to
influence the adoption of modern maize by
gender, but simulations suggest it could
reduce the adoption gap by gender
substantially if the poorest households were
targeted.

Better access to input subsidies over time
was associated with maize intensification
and smaller maize area planted.

FISP did not target the poor; the program
enhanced maize production and food
security.
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Table 2.2 Continued

Study Geographical Outcome(s) Key finding(s)
focus measured
Holden and Same as above Probability and intensity Access to subsidized inputs slightly

Lunduka (2012b)

Malawi and Zambia—
nationally representative
household data

Mason and Ricker-
Gilbert (2013)

Ricker-Gilbert and
Jayne (2011)

Malawi—nationally
representative
household survey data

Ricker-Gilbert and
Jayne (2012)

As above

Ricker-Gilbert, As above
Jayne, and Chirwa

(2011)

of organic manure use

Crowding out of
commercial seed by
subsidized seed and
fertilizer

Maize production, net
value of crop production,
income asset wealth

Maize production and
value of output

Farmer demand for
commercial fertilizer

crowded out manure use.

1.00 kg of subsidized seed crowded out
0.56 kg of commercial seed.

Small positive effect from subsidized
fertilizer on maize production in current year
and overtime. No significant effect on asset
wealth from the subsidy.

Returns to subsidized fertilizer were much
higher for those at the top of the maize
production distribution.

Additional 1.00 kg of subsidized fertilizer
crowded out 0.22 kg of commercial fertilizer.

Source: Extracted from Lunduka, Ricker-Gilbert, and Fisher (2013).

In addition to these studies, others examine the impact of FISP on poverty. Douillet, Pauw, and
Thurlow (2012) simulate economywide output and poverty effects of FISP. They find that although
poverty is strongly related to food access, it cannot be confirmed that FISP will lead to pronounced
poverty reductions. One explanation is the program’s leakage to nonpoor households, and another is that
net maize sellers’ disposable income is negatively affected by lower maize prices. In contrast, computable
general equilibrium (CGE) simulations by Arndt, Pauw, and Thurlow (2013) show that in 2006/2007,
FISP led to a decline in the national poverty rate by 2.7 percentage points. These contrasting findings may
result from the authors’ applying a somewhat more sophisticated model with a poverty module that
allows for the simulation of more pronounced poverty effects in different population segments. In
addition, they find a large expansion of agricultural gross domestic product (GDP) due to increased
agricultural productivity from FISP, which is very likely to have large effects on macrolevel energy
security through increased demand for energy.

Mozambican Food Security Policies

Mozambique does not have a policy similar to Malawi’s FISP. Mozambique’s agricultural sector suffers
from low yields, low application of inputs, and poor infrastructure. In fact, its yields are among the lowest
in SSA (FAO and CIMMYT 1997). For example, for the main staple crops cassava and maize, yields
range from 4.0 to 5.0 tons/hectare and from 0.4 to 1.3 tons/hectare, respectively (Gemo 2011). Less than
half of smallholder farmers are able to produce enough output for their household needs (Tschirley and
Abdula 2007), and the country relies heavily on food imports. Reasons for low yields include
underdeveloped extension services (Mozambique, MINAG 2013; Thurlow 2012) and limited access to
inputs (Uaiene 2008; Tschirley and Benica 2001; Heltberg and Tarp 2002). For example, in 2007 only 4
percent of smallholder farmers applied pesticides and 10 percent used improved maize variety seeds
(Mutondo, Tostdo, and Zavale 2009). Table 2.3 shows that fertilizer use in Mozambique is very low
compared with other SSA countries. This average masks its varied application across crops and regions:
Fertilizer is applied mostly to horticultural crops near cities and to contract crops like tobacco and
sugarcane, whereas its use for staple foods is lower (Gemo 2011; ICRISAT 2011). Farmers are unable to
afford agricultural inputs (Mucavele 2009; Mozambique, MINAG 2010) because of high world market
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prices and transaction costs resulting from a weak distribution network, which makes inputs in many
regions inaccessible (ICRISAT 2011; Gemo 2011). In fact, the low distribution of inputs coupled with the
ability to convert abandoned land into agricultural production hinders the development of input markets,
since it is cheaper to convert land than to buy fertilizer or improved seeds (Benson, Woldeyohannes, and
Mogues 2013). Mozambique’s heavy reliance on food imports is also a consequence of geography and
poor infrastructure, which makes it economically unfeasible to supply the southern regions from the
northern surplus regions (Mucavele 2009; World Bank 2012). The conditions for agriculture are best in
the northern and central provinces and are even among the best in SSA (Diao et al. 2007), as soils and
climate are very suitable for rainfed agriculture there (Mucavele 2009). Most of the population, however,
lives in the southern provinces, where soil and precipitation conditions are much less suitable and
vulnerable to drought (World Bank 2012). The challenge is to develop infrastructure that enables surplus
regions to become competitive against neighboring countries. Although since 2000 Mozambique has
experienced growth in its agricultural sector, the factors that led to this growth—increased yields from
implementing fundamental technology improvements from very basic farming techniques used by
smallholder farmers as well as expanded land areas for agricultural production (FAO 2014)—did not
require a lot of policy effort and are not sustainable. Sustainable policies, such as infrastructure
improvements and greater use of agricultural inputs, should be implemented so that Mozambique can
achieve its goals of food self-sufficiency and agricultural growth.

Table 2.3 Comparison of fertilizer usage of selected SSA countries

Average fertilizer application

Country rate (kg/ha)
Kenya 29
Malawi 39

Mali 9
Zambia 8
Mozambique 5

Source: Chianu et al. (2008).

Water Policies in Malawi and Mozambique: Irrigation

Given their direct and indirect effects on food, energy, and water security, irrigation scheme interventions
can be considered nexus interventions. Irrigation schemes can directly impact water security through
changes in water availability if water is diverted from drinking sources, directly affect energy security if
energy is required for their operation (for example, for motorized schemes), and indirectly affect food
security through their potential to increase crop yields and diversification.

With the acceleration of population growth and repeated droughts over the past decades, Malawi
is expanding its support for irrigation (Mulwafu and Nkhoma 2002). In Malawi a total area of 104,000
hectares is irrigated (Malawi, MoAIWD 2015). Since 1994 the irrigated area increased more than four
times (Kaluwa, Mtambo, and Fachi 1997). In several areas of Malawi, the irrigation boom is accompanied
by the transfer of irrigation management from the government to farmers. Stakeholder participation in
irrigation management is expected to encourage sustainable operations by inducing a sense of ownership
and responsibility among farmers. Ideally, farmers would plan, build, maintain, and manage their
community’s irrigation scheme. This transfer of ownership and management from the government to
farming communities, called irrigation management transfer (IMT), is rife with challenges and has not yet
been entirely successful (Nkhoma and Mulwafu 2004).

In 2001, Malawi adopted a new irrigation policy and act that put IMT into motion. IMT was
intended to reduce government spending, improve irrigation scheme performance and sustainability,
reduce water use and waste, and empower farmers through their involvement in water user associations
(WUAs). IMT was attempted in the 1990s by the Technical Cooperation Project funded by the Food and
Agricultural Organization of the United Nations (FAQO), which aimed to rehabilitate and hand over 16
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irrigation schemes to local communities (Malawi, MoAIWD 1999). This attempt failed because it lacked
funds for rehabilitation, participating farmers had no detailed program, and the pilot process had not been
documented well enough for lessons to be learned (Malawi, MoAIWD 2000). Another attempt at IMT
was made the following year through the Likangala irrigation scheme; however, this progressed slowly
for numerous reasons: funding was not secure, farmers had not been trained in irrigation management, a
WUA had not been established, farmers were expected to provide free labor in rehabilitation work, and
rehabilitation work conflicted with farmers’ field cultivation work during the wet season (Nkhoma and
Mulwafu 2004). In addition were conflicting perceptions of who owned the schemes. Village heads, well-
off farmers, and poor farmers all tended to see the handover as an opportunity to reclaim what they
perceived as rightfully theirs (Nkhoma and Mulwafu 2004). This climate of uncertainty demoralized
farmers and created conflict that, because of cultural precedence, ended up being resolved by village
heads rather than the scheme committees (Nkhoma and Mulwafu 2004). With careful planning, clear
communication between stakeholders, and adequate funding, these issues can be overcome and the
transfer of irrigation management in Malawi could be successful.

In 2010, Malawi began promoting the Green Belt Initiative (GBI), which is a large-scale
irrigation policy for smallholders and commercial farmers to use Malawi’s water resources,
predominantly Lake Malawi. The Malawian government has offered investors agricultural land near the
country’s three biggest lakes and perennial rivers to install irrigated agriculture on 1 million hectares by
relocating villages (Chinsinga and Chasukwa 2012). The initiative is a prime example of a nexus
intervention aiming at higher agricultural output of food and cash crops with the goals of increasing
macro- and microlevel food security and decreasing poverty. Ecker, Breisinger, and Pauw (2011) simulate
economywide effects of the GBI by increasing the area of agricultural land under irrigation and
comparing this simulation to the status quo in 2010. Through subsequent increases in agricultural and
nonagricultural growth, they find that greater diversification in the agricultural sector and the rest of the
economy results in reductions in poverty as well as caloric and nutritional deficiencies. This implies that
the GBI has a large potential to increase food security at the macro- and microlevels. On the other hand,
land grabbing through commercial farmers and investors acting under the GBI has been an enormous
problem because customary land without official land rights is taken from smallholder farmers.
Moreover, smallholders who participate in the GBI must comply with seasonal land collectivization,
which constrains them to plant a prescribed crop and shift away from their usual intercropping and
diversification, which had served as a safety net (Chinsinga and Chasukwa 2012). These requirements
may negatively affect macro- and microlevel food security, yet their impacts have yet to be analyzed.
Given the energy-intensive nature of most irrigation schemes, energy security is expected to be directly
affected by this policy as well, yet no studies explicitly examine this effect. In terms of water security, the
initiative directly improves water security by increasing water access. Most irrigation schemes are located
near Lake Malawi, which could decrease the lake’s water levels and water flowing out of rivers, making it
difficult to maintain sufficient water levels to produce hydroenergy. Since impacts from the GBI on water
and energy security may be substantial and remain unknown, a comprehensive analysis of macro- and
microlevel nexus effects is essential to quantify the actual trade-offs and synergies of the GBI.

Mozambique obtains water from various sources, and its water equity is better compared with
surrounding countries. Yet water supply disparities exist in Mozambique, and this aspect can be improved
by developing the corresponding infrastructure. Its agricultural sector uses 73 percent of used water
(Mutondo et al. 2013) and relies mostly on rainfall, which varies widely across regions, ranging from
1,000 to 2,000 mm/m? annually in northern regions, around 1,200 mm/m? in central regions, and 800 to
1,000 mm/m? in coastal and southern regions (Mucavele 2009). Southern regions are particularly
vulnerable to droughts, and severe water shortages occur regularly there in the dry season (Mutondo et al.
2013). At the other extreme, most states are affected by severe rains and threatened by flooding
(Mozambique, MINAG 2010). Floods and droughts pose major challenges because of their regularity and
the lack of measuring and mitigating services. Mozambique’s 104 river basins, of which 8 are major
water basins, are another major water source (Direc¢io Nacional de Aguas 1999). Rivers supply 53.8
percent of the water used in Mozambique, and most flow from the highland plateau of Central Africa to
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the Indian Ocean. The rivers’ water levels are highly seasonable: basins are completely filled for only 3—4
months of the year (Mutondo et al. 2013). Mozambique’s downstream location means that its water
quantity and quality depend on upstream countries (Mozambique, MINAG 2010). Therefore,
Mozambique needs to cooperate with upstream countries, and water management at a regional level is
necessary. Internationally, policies have been developed by international organizations, such as the South
African Development Community (SADC), which addresses biophysical and socioeconomic issues of
water management related to agricultural, household consumption, and electricity use as well as disaster
management (SADC 2011). However, the implementation of regional policies, in addition to the national
policies with different national interests, lead to an increase of complexity and so far not to efficient
utilization of synergy effects (Maupin 2013).

Mozambique has a high potential for irrigation near its large river basins. It is estimated that 3.3
million hectares of arable land could be under irrigation, yet currently only 120,000 hectares have
installed irrigation schemes and only 50,000 hectares are actually irrigated (Mozambique, MINAG 2010).
Two large schemes are along the Limpopo River: a 25,000-hectare scheme focused on sugarcane
production in Chokwe District, and another scheme focused on rice production in Xai District. Other
irrigation schemes are on the Incomati, Buzi, and Zambezi Rivers, with a total capacity of 34,000 hectares
(Mutondo et al. 2013). Other important water sources for irrigation schemes are Lake Niassa, Lake
Chirua, and groundwater. Available groundwater is 17 km? annually and is mostly centered in the
Zambezi and Incomati basins (Mutondo et al. 2013). Most water sources are not efficiently used, and
several problems exist: overall storage capacities are too small, which causes distribution difficulties
during dry years; a limited number of smallholder farmers are able to profit from the schemes; and
technical and organizational capacities for irrigation are at low levels (Mozambique, MINAG 2010).

Given the multitude of stakeholders involved, many challenges and opportunities await for
developing policies to support sustainable water use. Policies related to regulatory and management
decisions are especially critical. Policymakers have attempted to address some of these issues, yet their
results are mixed. A first step was the 1991 national Water Law, which regulated that all water resources
are to be state owned and implemented by the National Water Council (CNA) as an interpolicy
institution, which consists of members of ministries working in issues related to agriculture, mineral
resources and energy, health, and coordinated environmental action (Mutondo et al. 2013). The largest
difficulty was coordinating water management between the environmental and mining ministries as well
the local governments (Mutondo et al. 2013). In addition, the policy failed to implement a flood control
system, a polluter-pays principle, and an efficient water use control system. Moreover, its centralized
organization limited the accessibility of small-scale farmers. This highlights the difficulties explained in
Section 1 on implementing nexus policies. A few years later in 1995, a new water policy was
implemented, which addressed environmental and economic issues, led to integrated water resource
management, and included other strategic implementations such as decentralized water management and
a sustainable water supply (Mutondo et al. 2013). The Water Tariff Policy enabled communities to
recover the cost of providing water from the consumers (Direcgdo Nacional de Aguas 1999). Policies with
respect to irrigation focused on activating and managing large schemes, which is necessary because large
shares of the irrigation schemes along the Limpopo River had not been in use. Nevertheless, after its
implementation, technical equipment was destroyed by floods or not operational due to poor
management.

Subsequent national irrigation policies intended to address these failures. For example, in 2010
the Ministry of Agriculture in collaboration with the International Water Management Institute developed
the National Irrigation Strategy (Gemo 2011). Increasing sustainable water management is also a pillar of
the Comprehensive Africa Agriculture Development Programme (CAADP) (Mozambique, MINAG
2010) and is thus a priority area in the Strategic Plan for Agricultural Development (PEDSA). The main
goals are to develop water quantity data for each source, improve the education system of state
employees, and inaugurate a public discourse on sustainable water usage (Mozambique, MINAG 2010);
however, the attainment of these goals may be threatened by a lack of water experts (Gemo 2011). The
National Plan for Investments in the Agrarian Sector (PNISA) also contains a subprogram, the
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Hydroagricultural Exploitation Program, for investments into irrigation schemes for both small- and
large-scale farmers, which is estimated to cost US$836 million* (Mozambique, MINAG 2013). The plans
for irrigation are very specific and focus on sustaining, activating, and developing irrigation infrastructure
as well as supporting the construction of dams and reviving wetlands for agricultural use. In particular,
they support the construction of small-scale irrigation schemes that are locally managed with a capacity of
less than 200 hectares and support strengthening medium- and large-scale schemes that are centrally
managed and cover more than 200 hectares. The program also entails expanding the use of wetlands for
agriculture and finding investors for the development of water storage infrastructure. Additionally, the
national irrigation institute was established to provide research and management skills to the water sector
and to be able to deal with new challenges resulting from increased irrigation. At the commaodity level,
the government plans to spend most of its resources on increasing rice production, which should support
the large irrigation schemes at Limpopo River, since Mozambique is not self-sufficient in this staple crop.
In addition are planned improvements in small-scale irrigation schemes for tomato production, which
requires a continuous water supply (MINAG 2013). If these multipronged approaches are correctly
implemented in Mozambique, its irrigation system could be greatly improved to reach more smallholder
farmers and to improve its food and water security.

Energy Policies and Malawi and Mozambique

Energy policies reviewed in this section include hydroenergy and bioenergy. The discussion on
hydroenergy reveals the strong linkage between water and energy and food security. Likewise, the
discussion on bioenergy strategies reveals a strong linkage of the FEW nexus.

Hydroenergy

Hydroenergy is a form of renewable energy that has the potential to decrease dependency on fossil fuels,
while simultaneously triggering changes in national food, water, and energy security. If water is abundant,
it is a clean and renewable source for producing electricity, which can greatly enhance macrolevel energy
security (Hellegers et al. 2008). Apart from the obvious effect on macrolevel energy security,
hydroenergy entails synergies and trade-offs at the macro- and microlevels of the other nexus
components. With regard to water security, hydropower generation creates a sectoral conflict concerning
the allocation of water for hydropower and irrigation for agricultural production. Although hydropower
does not necessarily have an effect on the quantity of water itself and hence macrolevel water security, a
dam can influence the timing and amount of downstream water flow enormously and thus reduce water
availability for food production during certain seasons or times of the day. This is very problematic when
droughts occur, which have become more frequent from climate change, particularly in SSA countries
(Molle et al. 2008). A dam could thus directly decrease access to water and indirectly affect food security
at both the macro- and microlevels. Moreover, water losses through evaporation of reservoirs could be
significant, which could negatively impact water security (Hoff 2011). On the other hand, effects of
hydropower on water and food security can go in the opposite direction when hydroenergy is used for
groundwater pumping to increase irrigation (McCornick, Awulachew, and Abebe 2008). At the same
time, hydroenergy production can be negatively affected by the agricultural sector. Therefore, a
comprehensive analysis of these varying impacts is required to analyze impacts of hydroenergy on the
FEW nexus. In SSA is a large scope for boosting electricity production from hydropower, as only 5
percent of its potential hydropower is used (Hoff 2011). In SSA, less than one-tenth of the rural
population uses clean energy (electricity, liquefied petroleum gas (LPG), natural gas, biogas, and other
energy that does not cause indoor pollution), yet this is even lower in Malawi and Mozambique—just 0.4
percent and 0.21 percent, respectively (Table 2.4). Promoting clean energy in the region is a challenging
task, despite its high potential.

4 The reported budget for the subprogram is 25 billion Mozambican meticals (MZN). For calculating the dollar amount, we
used the average exchange rate (MZN 29.91/USS$1) for 2013, reported by the Bank of Mozambique.
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Table 2.4 Source of energy for rural population in SSA (% of households)

Energy source  Malawi Mozambique Southern Africa SSA
Electricity 0.28 0.15 3.98 1.32
LPG 0.06 0.06 11.37 6.20
Natural gas 0.01 0.00 3.62 1.82
Biogas 0.01 0.00 0.42 0.16
Kerosene 0.09 0.00 4.73 2.58
Clean energy* 0.40 0.21 18.15 8.81
Coal 0.12 0.88 0.77 0.95
Charcoal 1.38 0.14 3.47 7.12
Wood 96.91 99.06 75.05 80.64
Cow dung 0.07 0.20 1.98 2.39
Crop residues 0.45 0.00 0.42 2.31
Other 0.01 0.10 0.39 0.67

Source: WHO (2015).
Note:  SSA = Africa south of the Sahara. * Clean energy includes electricity, liquefied petroleum gas, natural gas, biogas, and
other energy that do not cause indoor pollution (IEA 2013a).

Despite the significant part of hydroenergy in increasing macrolevel energy security, in 2011 only
about 7 percent of Malawi’s households—mostly in urban areas—were attached to the electricity grid
(World Bank 2011a). Moreover, the cost of electricity is subsidized by about 60 percent to help reach the
government’s goal of having electricity be affordable for the poor. Nevertheless, since most of the poor
are not connected to the grid, the subsidy targets mainly middle- and high-income households (UNDP
Malawi 2007). This means that further developing hydroenergy would increase macrolevel energy
security but would probably have only a small effect on poverty and microlevel energy security,
particularly among the poor who depend mostly on biomass. Nevertheless, Malawi’s Rural Electrification
Program (MAREP) aims to reduce poverty by transforming rural economies and has electrified a large
number of rural trading centers (Pemba 2013). To meet greater electricity demands, the World Bank and
the Malawian government are increasing the number of hydroenergy power plants through the Energy
Sector Support Project (World Bank 2011a). Both programs will probably not decrease the current
overdependency on biomass in the short run but are likely to increase microlevel energy security in the
long run. Further research is needed on linkages between hydropower generation and the distribution on
food, water, and energy security at the macro- and microlevels to analyze this policy from a nexus
perspective.

Malawi’s electricity is almost exclusively generated through hydropower by the Electricity
Supply Corporation of Malawi (ESCOM) and is susceptible from its dependence on Lake Malawi.
Upstream activities like deforestation through land clearing for agricultural production as well as forest
degradation for firewood and charcoal production have increased surface runoff. This, in turn, increases
siltation and debris flowing into rivers, which increases the costs of running hydropower facilities because
of extensive cleaning. In addition, fertilizer debris in the water increases nutrients and thus the growth of
water weeds, complicating the cleaning of turbines (ESCOM 2013). Since Malawi’s four power plants are
stationed along its largest river, the Shire, which is the only outflow of Lake Malawi, their ability to
function is highly dependent on the lake’s water levels. Recent droughts and sedimentation in the lake
through erosion, stemming from increased land clearing for agriculture in the catchment areas, have led to
low water levels, resulting in unreliable electricity production and frequent outages (UNDP Malawi
2007). However, there is no evidence that hydroenergy leads to conflicts of upstream and downstream
water uses in Malawi. Instead, it appears that water security and agricultural activity has a larger influence
on hydropower production than the other way around, making hydropower a suitable policy intervention
to increase energy security without negatively affecting water and food security.
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Electricity contributes significantly to the balance of trade and is one of Mozambique’s most
important export goods. About 80 percent of the produced energy is exported to South Africa and
Zimbabwe (Bensch, Peters, and Schraml 2010). The small share of own energy consumption results from
an unforked electricity grid in Mozambique, where just 18 percent of households have access to
electricity (Mahumane, Mulder, and David 2012) and just 8 percent in rural areas (Bensch, Peters, and
Schraml 2010). The Action Plan for the Reduction of Absolute Poverty (PARPA) I+II for 2001 to 2009
(GOMOZ 2001, 2006) contained a policy strategy with the aim to enable large shares of the population to
have access to the electricity grid. The policy mainly addressed households and governmental entities in
rural areas. However, Poverty Reduction Action Plan (PARP) for 2010 to 2014 changed its energy focus
to only electrifying educational, administration, and health institutions in rural areas (GOMOZ 2011).
Despite the recent discovery of other natural resources,’ the largest potential of all energy sources in
Mozambique is hydropower, amounting to a total installation capacity of 12.5 gigawatts (Bensch, Peters,
and Schraml 2010). Hydroenergy production is predominantly in the Zambezi River Basin (Bensch,
Peters, and Schraml 2010), as well as along smaller rivers in Manica, Tete, and Niassa provinces
(Malawi, MoE 2009). The Cahora Bassa, which is one of the largest hydropower plants in southern
Africa, contributes 87 percent to the total energy produced within the country (Bensch, Peters, and
Schraml 2010) and has a capacity of 2,075 megawatts (Mahumane, Mulder, and David 2012). In addition,
the government plans to construct new hydropower plants, such as in Mphanda Nkuwa and Cahora Bassa
North Bank (Mahumane, Mulder, and David 2012).

Although hydropower increases Mozambique’s macrolevel energy security enormously, positive
effects on microlevel energy security are estimated to be very small because only a fraction of the
population has access to electricity and biomass remains the main source of power (Chambal 2010). In
the short run, the construction of Cahora Bassa has had disastrous consequences on local livelihoods and
ecosystems. Although the dam was constructed with the object of improving irrigated farming and flood
control, the prevention of flooding through the dam has led to negative effects on food security. When the
river receded after the annual flooding of agricultural land, it left behind nutrient-rich soils that were
decisive for smallholders’ food security in an area with low and irregular rainfall (Isaacman and Sneddon
2000). Moreover, the dam disrupted the seasonal flow of the river into the Zambezi delta, which was
essential for agricultural production and livelihoods (Isaacman and Sneddon 2000). However, this implies
a twofold effect on water security: the now constant flow of water should increase water security, as
households near the river are less dependent on rainfall, yet there may be less water security from the loss
of seasonal flooding of agricultural lands.

Biofuels

Biofuel policies have direct impacts on all three nexus securities, thereby entailing several trade-offs with
an ambiguous net effect. Because of growing demand for biofuels from policies calling for increased
biofuel blending of gasoline, rising fossil fuel prices, and vastly increasing energy demand from emerging
economies (OECD and FAO 2013), the following nexus trade-offs emphasize the crucial importance of
managing biofuel expansion sustainably. The most widely discussed issue concerning the promotion of
biofuels is the trade-off between energy and food security. Increased production of biofuels may lead to
land taken away from food production and land investments (sometimes referred to as “land grabbing”),
thus lowering food availability at the micro- and macrolevels. In addition, high international demand for
feedstocks common to both food and biofuel production has already driven up prices, thereby threatening
access to food (HLPE 2013). If poor smallholder farmers are able to participate in biofuel production, this

5 In the last decade, large natural gas resources were discovered and tapped. Most important gas discoveries are the Pande
and Temane gas fields and the discoveries within the Buzi Block (Mahumane, Mulder, and David 2012). Coal mining began in
Tete Province, allowing Mozambique the ability to become a very important player in the world market of fossil fuels (ICF
International 2012) and to significantly increase its GDP (Biggs 2012). To realize these opportunities, foreign direct investment is
necessary (Mahumane, Mulder, and David 2012). Achieving profits for large shares of the population, especially among those
living in regions rich in natural resources, is a challenge (ICF International 2012).
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may raise rural incomes and thus their access to food. Nevertheless, their economic well-being would be
in sync with market prices of biofuels, which could be detrimental given their volatility. If farmers rely on
an inedible biofuel crop for income and at harvest time are unable to fetch an adequate market price, their
food purchasing power may be affected. Alternatively, if the staple crop of people who are or close to
food insecure is also a biofuel crop, these people may be driven further into food insecurity as the market
price for that crop increases with greater global demand. This is especially true for Malawi and
Mozambique, where the populations rely heavily on maize (a biofuel crop) for calories (Naylor et al.
2007). However, opportunities exist to improve the purchasing power of smallholders and reduce their
vulnerability to price shocks (see Ewing and Msangi (2009) for best practices to increase welfare gains).
The prospect of increasing rural incomes is a prominent motivation for biofuel policies in developing
countries and is often accompanied by hopes that biofuel production will create jobs and stimulate
economic growth. In addition, many developing countries promote biofuels to increase macrolevel energy
security by reducing their dependency on fuel imports (Arndt, Msangi, and Thurlow 2010). If, however,
vast areas of forests need to be cleared to avoid negative effects on food security, microlevel energy
security may be reduced since the rural population would have to walk farther to collect sufficient
firewood (Gao et al. 2011). Yet, if biofuel is produced by tree crops, microlevel energy security could be
directly enhanced through an increased provision of firewood. Concerning water security, biofuel
production can have a high additional demand for water, depending on the crop, thus competing with food
production for scarce water resources. For example, sugarcane, which is used to produce ethanol, is very
water intensive and often requires irrigation (De Fraiture, Giordano, and Liao 2008). Moreover, other
impacts on water security are indirect from deforestation and land clearing, for example soil loses its
capacity to absorb rainwater and groundwater reserves are put under additional pressure. The utilization
of vast areas of unused land for biofuel production is not an option for Malawi given its high population
density.

Energy policies in Malawi have largely focused on liquid energy for transportation. Investment in
renewable energy has increased almost six-fold between 2004 and 2011 (UNDP 2013), yet it needs to
reach 0.7 trillion between 2010 and 2030 to achieve sustainable development (IEA 2013b) and its
production capacity remains underutilized (SEI2011). Since 1982, Malawi has produced ethanol from
sugarcane, which is one of the country’s most important industries (UNDP Malawi 2007) with blending
ranging from 10 percent to 24 percent (SEI 2011). Sugarcane production is dominated by large-scale
plantation farming on estates. Outgrower schemes that began in the 1990s produce about 20 percent of
sugarcane output today. The sugar sector is the second largest formal employer in Malawi and provides
permanent jobs for almost 6,000 people and seasonal work for more than 4,000 people, making the
industry essential for employment generation and growth. In recent years, the government has aimed to
enhance the poverty reduction potential of the sector by increasing the productivity of outgrowers through
collective irrigation schemes under the GBI (Herrmann, Grote, and Briintrup 2013). In addition to
sugarcane, several jatropha projects for biodiesel production are under way. About 25,000 farmers grow
jatropha, predominantly as a field fence (Kambewa and Chiwaula 2010). The planting of jatropha is
promoted mainly by Bio Energy Resources Ltd. (BERL), a Malawian-based company funded through
corporate social responsibility efforts by international companies. BERL buys jatropha nuts from
smallholder contract farmers under the condition that it is not planted on land used for food production.
The company hopes to be cash positive in 2014 (BERL 2014); however, given the doubts about the
feasibility of jatropha production for smallholders, the profitability of jatropha production remains to be
seen.

No studies examine the impact of ethanol or sugarcane production on food, water, or energy
security in Malawi. Herrmann, Grote, and Briintrup (2013) evaluate the impact of sugarcane smallholder
outgrower schemes on poverty and income at the microlevel in one of the two largest sugarcane-
producing areas. They find that these schemes can help reduce poverty from 72 percent to 18 percent and
ultrapoverty from 56 percent to 13 percent. In addition, income increases on average by a factor of three,
which is likely to greatly improve microlevel food security. The study finds that wealthier farmers are
more likely to participate in sugarcane outgrower schemes, indicating hurdles for poorer farmers, such as
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initial investments. This potential trade-off emphasizes the importance of analyzing the actual effects of
ethanol and sugarcane production on food security as well as on water and energy security in a broader,
economywide framework that can examine impacts on households with different wealth levels.

In Mozambique, liquid biofuel is another big energy player yet is more relevant for higher income
groups. The country’s liquid biofuel production potential, 7 exajoules, would ensure fuel self-sufficiency
and even enable exports (WWF 2008). Arndt et al. (2010) find that biofuel strategies could increase GDP
and the income of the poor. Developing the biofuel sector requires engagement of policymakers and
foreign investors (Thurlow 2012) because the necessary production of crops and building of refining sites
is capital intense. The ministry of agriculture supported the production of jatropha in the early 2000s
(Gemo 2011). The plan involved improving access to credits and inputs and supporting smallholder
farmers through outgrower schemes. Sugarcane was also promoted as possible commaodity for biofuel
(Mozambique, MINAG 2013).

Foreign investment into Mozambique increased after the country opened a platform for assessing
its biofuel potential and promoted biofuel production (Mozambique, MINAG 2013). In addition, due to
its abundance of unused state-owned land, Mozambique was an early focus of international biofuel
investors, such as in sugarcane and jatropha production from Brazilian, British, Chinese, Portuguese,
German, and Italian investors (Thaler 2013). Estimates of the amount of land area for biofuel production
that was planned to be or was actually acquired range from 2.3 to 2.7 million hectares, and estimates of
investments into the biofuel value chain are US$3 billion (Nhantumbo and Salomdo 2010). Although
some of these investments have been realized (World Bank 2011b), most have not been implemented or
have not been successful (Benson, Woldeyohannes, and Mogues 2013; Locke and Henley 2014). Reasons
include the lack of viability of jatropha; length of project implementation; bureaucratic obstacles
concerning the acquisition of land use licenses; the 2007/2008 food price crisis, which forced the ministry
of agriculture to shift its focus from promoting biofuel to producing food (Gemo 2011); and the drop in
oil prices at the start of the financial crisis in 2008, which made biofuels not profitable since their
profitability depends on the oil price being higher than US$70. As a consequence, farmers who engaged
in biofuel production via outgrower schemes suffered income losses (Thaler 2013). The Mozambican
government introduced the Policy and Strategy for Biofuels in early 2009, with the objectives of higher
energy security, employment and income generation, and improved food security for the rural population
(Borras Jr., Fig, and Suarez 2011). For example, Mozambique’s biofuel program stipulates that staple
food crops should not be used for biofuel production and that areas of extreme monoculture should be
avoided (Mozambique, MINAG 2013). Thus, the government considers only two nexus sectors in its
biofuel strategy. One reason why the water sector may be neglected in Mozambique’s biofuel strategies is
that, as discussed above, Mozambique has vastly abundant and underexploited water resources.

Arndt et al. (2010) simulate economywide effects of increasing biofuel production in
Mozambique and analyze effects on macrolevel food security. Since they assume that total biofuel
production is exported, no direct effects on energy security accrue. Altogether, the simulations show
positive effects on economic growth and poverty. Their model distinguishes between the production of
jatropha through smallholder contract farmers and sugarcane on plantations, with the latter being capital
intensive and exclusively financed from abroad and the former being relatively more labor and land
intensive. Since the cultivation of biofuels exclusively on unused land is constrained by insufficient
infrastructure, the authors assume that about half of the increase in biofuel production will be undertaken
on land formerly cultivated with other crops. This leads to a reduction in available land for food crop
production and thus lowers domestic food availability, especially for cereals. However, simulations find
positive effects of jatropha production on both poverty and food security, especially under the assumption
that jatropha production leads to technology spillovers concerning the production of food crops (Strasberg
1997). It is important to note that Arndt et al. (2010) do not examine the economic viability of jatropha as
a biofuel crop for smallholder farmers. Arndt et al. (2010) also find that because of increased water
demand from biofuel production, output in the water sector almost doubles in one of their biofuel
scenarios compared with the baseline without biofuel investments. Arndt et al. (2010) are among the first
to implicitly consider all three nexus dimensions from an economywide perspective. Since demand for
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biofuels is unlikely to decrease, it is imperative to find a suitable framework to quantify the above-
described trade-offs and synergies of biofuel production on food, water, and energy security.

Agroforestry

Deforestation is increasing in SSA, with rates being nearly twice as high in Malawi compared with
Mozambique (see Table 2.5). One method to decrease deforestation is agroforestry, which is a prime
example of a nexus intervention because it can directly influence all three nexus sectors. Agroforestry
refers to cultivating both agriculture (crops, pasture, and animal husbandry) and woody plants
(predominantly trees) on the same land to realize multiple benefits. The agroforestry practice of agri-
silviculture, where crops are planted together with woody plants, is of primary interest for the FEW nexus
(Nair 1985). Examples of agri-silviculture include planting trees around fields as shelterbelts and
intercropping crops and trees. Agri-silviculture is directly related to integrated soil fertility management
that aims at increasing agricultural productivity through a locally adapted combination of mineral and
organic fertilizers (Garrity et al. 2010). The production of organic fertilizer is the most significant
potential benefit of agroforestry. Soil quality can be significantly improved by nitrogen-fixing trees that
function as a natural fertilizer through enhancing nitrogen in the ground. Moreover, the decomposition of
leaves, fruits, and other biomass and residues produced by trees increases available nutrients in the
ground (Nair et al. 1999). In addition, agroforestry helps conserve soil since trees decrease erosion from
wind and water (Ruark, Schoeneberger, and Nair 2003). Better soil quality leads to higher agricultural
output (Akinnifesi et al. 2010), while fruit trees or legumes can contribute to better agricultural
production and dietary diversity (Kwesiga et al. 2003; Dawson et al. 2013). Therefore, agroforestry has
the potential to significantly improve agricultural output and food security at both the macro- and
microlevels.

Table 2.5 Increasing deforestation in Africa south of the Sahara

Country/region Forest area (‘000 ha) Annual change

1990 2000 2005 1990-2000 2000-2005 2005-2010
Malawi 3,896 3,567 3,402 -0.9 -0.9 -0.99
Mozambique 43,378 41,188 40,079 -0.5 -0.5 -0.53
Southern Africa 229,296 21,8150 21,2550 -1.0 -1.2 -1.2
SSA 664,115 629,340 612,449 -0.5 -0.6 -0.5

Source: FAO (2005).

With regard to water security, agroforestry has the potential to increase both water quality and
water availability. Runoff from fields that contains sediments, fertilizer, and pesticides can flow into
waters. Trees around fields and along river banks are able to reduce this runoff since water and
contaminants need more time to infiltrate into the soil. Moreover, trees allow for greater decomposition of
pesticides and animal waste (Dosskey 2002; Ruark, Schoeneberger, and Nair 2003). In terms of water
availability, trees function as “biotic pumps” and are able to draw moisture from oceans’ increasing
evapotranspiration and precipitation to supplement the regional water cycle (Ellison, Futter, and Bishop
2012). It can thus be concluded that agroforestry is very likely to have positive impacts on both
macrolevel water security through higher availability of water and microlevel water security by increasing
the quality of water and access to water if more water is induced into the water cycle. Agroforestry can
improve macrolevel energy security through higher availability of fuelwood as well as microlevel energy
security through better access. In particular, since trees incorporated into agriculture can provide
fuelwood (Watson et al. 2000; Cooke, Kohlin, and Hyde 2008), this would reduce the amount of time
spent collecting firewood. Moreover, trees can produce other valuable products and thus help reduce rural
poverty and improve food security (Ruark, Schoeneberger, and Nair 2003).

Agroforestry has been practiced in Malawi for several generations and its use has recently
expanded through government initiatives. For many generations, planting crops under the Faidherbia
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albida tree, which has nitrogen-fixing and reverse leaf phenology, has been a widespread indigenous tree-
cropping practice (Rhoades 1995). With reverse leaf phenology, leaves go dormant and are shed exactly
when crops are being planted, thus serving as additional fertilizer. The leaves begin to grow again only at
the end of the growing season. Therefore, the tree provides minimal competition with crops for water or
nutrients (Barnes and Fagg 2003). Many studies have found large positive effects of the Faidherbia
albida tree on crop yields. For example, Saka et al. (1994) report increases in maize yields by 100—400
percent. A disadvantage of Faidherbia is that it requires six years after planting to lead to significant
gains in crop yields. To realize agroforestry benefits sooner, other nitrogen-fixing trees, such as
leguminous pigeon pea trees, which have the additional benefit of providing food (Garrity et al. 2010),
could be planted simultaneously with Faidherbia. Indeed, intercropping maize with leguminous trees is a
popular agroforestry system in southern Malawi, and long-term experiments find that this practice
increases maize yields an average of about twofold (Akinnifesi et al. 2007). Ajayi et al. (2006) find that
intercropping maize with nitrogen-fixing trees increases yields to provide between 57 and 114 extra
person-days of maize consumption in Zambia. Although no thorough impact assessment has been done to
quantify the actual effect of agroforestry on food security in SSA, a qualitative assessment in Malawi,
Zambia, and Mozambique finds that the majority of agroforestry-practicing farmers experience increases
in yields, income, food security, and firewood availability (Akinnifesi et al. 2008). Since the 1980s,
Malawi’s government and the World Agroforestry Center have supported agroforestry research (Garrity
et al. 2010). More recently, the Malawi Agroforestry Food Security Program from 2007 to 2010 was
managed by the World Agroforestry Center, the Malawian government, farmers’ associations, and NGOs.
This project aimed to reduce the burden of purchasing seedlings among the poorest farmers by
distributing seeds for fertilizer, fodder, and fruit trees, as well as trees that can be used to produce timber
and fuelwood. After an initial testing period, the program was successfully scaled up to 40 percent of
Malawi’s districts, encompassing about 1.3 million of the poorest Malawians (Garrity et al. 2010; Beedy
et al. 2012). Albeit not an in-depth impact evaluation, Mwalwanda et al. (2012) find that compared with
farmers’ yields without agroforestry, maize yields increased by about twofold.

Mozambique also has a long history of agroforestry, dating back to the colonial times when the
Portuguese introduced cashew trees along the whole coast of Mozambique. The area where the trees were
planted corresponds almost to one-third of the country’s area (Unruh 2002). Cashew trees are
predominantly grown by smallholders and intercropped with cassava or maize. Due to a long history of
civil war, replacement of old cashew trees did not occur, leading to a deterioration of the cashew sector in
the 1980s and 1990s. The low productivity of cashew trees today emphasizes the need for renewed efforts
to infuse cashew agroforestry in Mozambique (Unruh 2002). In 2002 the World Agroforestry Center
initiated an agroforestry pilot project in Tete province. To increase yields, incomes, and food security, the
project distributed seeds for fertilizer, fruit trees, and fodder trees as well as trained farmers in
agroforestry techniques to build teams that would be able to function as extension agents for other farmers
(Linyunga, Matakala, and Chintu 2004). However, the project has not been evaluated to assess actual
effects on food security. Although Ajayi et al. (2011) report findings of a qualitative assessment of
agroforestry benefits, only about half of the 57 interviewed farmers reported increases in food security.

Before future agroforestry-related programs are launched, we recommend conducting an ex ante
quantitative policy analysis through policy simulations to investigate the effects on water and energy
security, as well as the economic impacts at the household level. The promotion of agroforestry and
analysis of its effects on food security are important, especially since the government needs a sound
strategy for phasing out FISP in Malawi (Garrity et al. 2010) and rebuilding agroforestry in Mozambique.
The evidence thus far favors agroforestry as a FEW nexus intervention that can trigger synergies among
all three sectors, yet in-depth analyses of these linkages are critical for quantifying the impacts.

Improved Cookstoves

Woodfuel consumption in SSA is the largest in the world (Ouédraogo 2009) and is projected to continue
increasing beyond 2030 (UNEP 2007). Consequently, even though the SSA population accounts for only
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12 percent of the global population, the region accounts for 54 percent of the 186.7 million m® of
woodfuel consumed in 2008 (FAO 2011) and 54 percent of the 43.6 million tons of charcoal consumed in
2007 (FAO 2010). About 90 percent of the wood harvested in SSA is used as woodfuel (UNEP 2014). It
is estimated that in SSA, 76 percent of the population depends on biomass resources as their primary
cooking energy (IEA 2006). Cooking alone uses 33 percent of the fuelwood and about 90 percent of wood
harvested in Africa is used as fuelwood (FAO 2006). In Mozambique, the main energy source for cooking
in nearly all rural households is firewood, whereas in urban households 49.4 percent rely on firewood and
41.9 percent on charcoal as their main energy source (see Table 2.6). In urban areas, where charcoal
needs to be purchased, the usage of improved cookstoves (ICSs) can have a strong impact on the poorest
households. Takama et al. (2011) show that cooking energy costs correspond to one-third of the yearly
national minimum wage.

Table 2.6 Main energy sources used for cooking in Mozambique (%)

Energy source Urban Rural Total
Electricity 1.8 0.2 0.7
Natural gas 59 0.1 1.9
Kerosene/paraffin 0.4 0.3 0.2
Coal 0.2 0 0.1
Charcoal 41.9 21 14.5
Firewood 49.4 96.9 82.2
Animal dung 0 0.5 0.3
Other 0.3 0 0.1
Number of households 4,338 9,617 13,955

Source: INE (2009).

The reliance on solid biomass for cooking entails a variety of challenging and devastating
outcomes. The use of solid biomass for cooking has severe consequences for people’s health. Indoor
pollution from traditional cooking stoves results in 1.6 million deaths annually (Rehfuess 2006), which
outnumbers deaths from malaria (1.2 million people in 2006) (IAE 2006). Bailis, Ezzatti, and Kammen
(2007) forecast that between 2000 and 2030, solid biomass use in SSA will lead to 8.1 million deaths
among children from lower respiratory infection and 1.7 million deaths among women from chronic
obstructive pulmonary disease. The overdependence on woodfuel has led to repressive woodfuel
harvesting legislations in several SSA countries (Horst and Hovorka 2009), which has serious
implications for women since they are mostly burdened with collecting firewood (Ewing and Msangi
2009). On a positive note, recent evidence has also shown that declining biomass has prompted
communities to plant and protect trees, yet empirical evidence on how such a favorable trend could be
enhanced is scarce (Cooke, Kohlin, and Hyde 2008). Research is needed to investigate ways to revise the
repressive woodfuel policies and enhance current efforts to plant and protect trees. Woodfuel
consumption per se does not lead to significant deforestation in rural areas but is limited to peri-urban
areas, as most woodfuel is harvested from scrub, bush fallow, agroforestry trees, and woodlots (Mead
2005). The fast growth of urban centers in the SSA region and with it the increasing demand for charcoal,
due to insufficient electrical power generation, puts increasing pressure on forest reserves, leading to
increased soil erosion and poor watershed management. It is obvious many challenges and impacts result
from traditional cooking practices, some of which are difficult to measure.

ICSs are generally made of durable materials that will last at least 5—10 years, and many are sold
at affordable prices with guarantees. I[CSs promoted in Malawi and the traditional three-stone cookstove
are shown in Figure 2.4. Using the same food cooked in all three stove types, Mwase and Malikani (2012)
show that the rocket cookstove is the most efficient, followed by the Chitetezo Mbaula both in energy use
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and cooking time (Figure 2.5). A lot of progress has been made in the adoption of ICSs, though most is
concentrated in Asia. The World Health Organization of the United Nations (WHO) and United Nations
Development Programme (UNDP) (WHO and UNDP 2009) compiled information from surveys in 140
countries and found that about 166 million households using solid bioenergy use ICSs, including 116
million in China, 13 million in the rest of East Asia, 20 million in South Asia, 7 million in SSA, and 8
million in Latin America. These figures do not include the factory-made newer stoves that have been
produced in the past five years, of which about half a million cookstoves have been sold in India, South
Africa, Uganda, Honduras, and Guatemala. As Table 2.7 reveals, the distribution of ICSs is extremely
limited: In Mozambique, only 1.0 percent of urban and 0.1 percent of the rural households use an ICS.
Earlier efforts to promote the use of ICSs by the World Bank and other donors did not yield significant
success (Manibog 1984; Gifford 2010), and most gains have been in eastern and southern Africa (shown
in Figure 2.6). Among problems that faced such programs were technical, institutional, and financial
issues. Additionally, the projects lacked impact analysis, which could have helped in designing more
effective programs. Subsidies hindered the development of efficient marketing programs in developing
countries (Gifford 2010). Efforts also suffered from a lack of commitment from developing countries:
only 10 percent of ICS investments was from government funding, with the remainder coming from
NGOs (50 percent), projects (29 percent), and private sources (11 percent) (Gifford 2010). Significant
efforts have been initiated to promote the uptake of ICSs. The United Nations Foundation launched the
Global Alliance for Clean Cookstoves (UN Energy 2011), which complements existing international
programs such as the German BMZ and the Dutch Ministry of Foreign Affairs. This demonstrates the
limited attention that the rural solid bioenergy sector has received in the region from governments.
Instead, as described hitherto, energy policies in SSA have been directed toward electricity, fossil fuel,
and most recently liquid bioenergy, rather than biomass energy, which is used by the majority of the poor.

Figure 2.4 Types of cooking stoves: clay, rocket, and three-stone traditional
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Source: Mwase and Malakini (2012) and Sustainable Engineering Lab (2009).

Table 2.7 Usage of cookstove type in Mozambique (in percent)

Stove type Urban Rural Total
Improved stove 1.0 0.1 0.4
Traditional stove 99.0 99.8 99.6
Number of households 3,971 9,568 13,539

Source: INE (2009).
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Figure 2.5 Comparison of fuelwood consumption and cooking time for cooking stoves
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ICSs are gaining traction among the development community and policymakers because their
proper use reduces firewood usage and smoke emissions, which are expected to preserve forestland,
reduce greenhouse gas emissions, lower the incidence of respiratory diseases, and reduce the amount of
time spent collecting firewood or cash requirements for the world’s poorest people. Due to the severe
impact of indoor pollution from traditional cooking stoves on the health of children and women, using
ICSs can be an important contribution to the Millennium Development Goals (MDGs) (Takama et al.
2011). Reduction in firewood expected from proper use of ICSs could translate into microlevel effects on
food, water, and energy security. Nutrition may improve as ICS adopters have more fuel available to cook
a wider variety of foods, including foods that require longer cooking time like legumes. In addition, food
security implications are possible if time spent collecting firewood is reduced, given that this activity is
extremely labor intensive. There may be indirect effects of ICS by reducing the amount of time women
spend collecting firewood, which may allow more time for women to be engaged in childcare, paid labor,
education (UNDP 2005), and leisure. To estimate these benefits, it is necessary to know what activities
replace firewood collection. For example, is leisure time increased, or on-farm or off-farm employment?
Water security at the household and individual levels may improve if ICS adopters are more likely to boil
drinking water. This, in turn, may also improve food utilization due to a lower presence of water-borne
diseases. Direct effects on microlevel energy security from ICS adoption are yet to be determined, as an
increase in cooking and water-heating activities may negate fuel savings—a research topic that has not
yet been examined.

Potential effects of ICSs on the macrolevel are twofold. First, the time-saving component can lead
to an increase in labor availability by releasing labor from collecting firewood to other activities. If on-
farm or off-farm employment increases, this could have large economywide linkage effects and increase
output and growth. Higher economic growth indirectly effects water and energy security by increasing
demand for both water and energy. Moreover, higher agricultural output will improve macrolevel food
security. This effect could be especially large given that firewood is predominantly collected by women
who are usually employed in food crop production to a larger extent than men. Given that these potential
economywide effects are highly dependent on actual behavioral changes from the introduction of ICSs, an
in-depth study at the microlevel is necessary to find out whether people really spend less time collecting
firewood and if so, what activity they replace firewood collecting with. This information could be used to
inform a model to simulate the economywide effects of ICS. The second potential effect is from improved
microlevel food security from different types of foods being cooked with ICS. As mentioned above,
higher nutrient intake may be expected if ICS adopters use gains in firewood efficiency to cook more
fuel-intensive food items like legumes. A link between better nutrition and higher labor productivity is
undoubted in the literature, although it has been difficult to establish a clear empirical relationship
between the two, especially since the relationship is bidirectional (Strauss and Thomas 1998; Hoddinott
2011). Higher labor productivity should enhance output of all sectors and thus increase macrolevel food
security. Again, effects on macrolevel water and energy security might be negative in case there is higher
demand of firewood if the stove is used the same amount of time. A potential labor productivity effect of
ICS interventions will be very difficult to measure and might not be feasible to include in a study
measuring economywide effects of ICSs.

Only a few studies have analyzed impacts of ICS adoption, none of which have had a large
sample size. Habermehl (2008) finds that the promotion of ICS adoption by school lunch programs in
Malawi had an overall positive economic effect at the national level. The study used cost—benefit
analysis, cost-effectiveness analysis, and macroeconomic criteria to assess the benefits of firewood
savings from seven institutions using a type of ICS called rocket stoves. Rocket stoves are enclosed metal
stoves that are highly fuel efficient. The type of rocket stove in the study at hand is for institutional
cooking (for schools, hospitals, offices, and so forth), but other types are for individual household use and
for tobacco-drying sheds. Findings showed that based on a period of 10 years and a discount rate of 3
percent, considering the benefits of avoided fuel costs, preserved forestland, and greenhouse gas
reduction, the investment of $1.00 provides a return of $5.16 (Habermehl 2008). In January 2013, Malawi
launched the National Improved Cookstoves Task Force with the goal of getting 2 million households to
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adopt ICSs by 2020 (Concern Universal 2013). Concern Universal is one of several NGOs promoting the
adoption of ICSs. A recent study (Concern Universal 2012) assessed the sociocultural acceptability of
ICSs in Mulanje, Dedza, and Balaka districts. Among the conclusions drawn from the study are the
following:
® After adopting the Chitetezo Mbaula (a type of ICS made of clay), households reported a
44 percent reduction in firewood collection trips.
® Firewood savings can improve disposable incomes as firewood purchases make up 12-23
percent of weekly household expenditures.

® Emissions levels of promoted ICSs are not low enough to meet WHO recommendations.

As ICSs are moved into the spotlight of development agendas, the actual human health and forest
resource benefits need to be quantified. In addition, the question of how best to promote widespread
adoption of fuel-efficient cookstoves should be explored.
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3. MACROLEVEL ANALYSIS OF NEXUS INTERVENTIONS

The previous section examined how nexus interventions in Malawi and Mozambique affect food, water,
and energy security at different levels of the economy. Although these policies were targeted to trigger a
specific sector of the nexus, they invariably affected all three either directly or indirectly. The resulting
synergies and trade-offs concerning food, energy, and water security from these policies are often
disregarded by policymakers. Although the previous section provided insight into the realized effects of
implemented nexus interventions, the complexity of these effects requires a quantitative analysis of nexus
policies from the nexus perspective so that relevant synergies and trade-offs can be evaluated, which can
help guide interventions (Dervis, De Melo, and Robinson 1982). Quantitative analyses can be conducted
before (ex ante) and after (ex post) a policy has been implemented. Ex ante analysis comprises building
behavioral economic models and simulating policy measures (Sadoulet and de Janvry 1995). An ex post
analysis of policies is usually undertaken at a smaller scale through impact evaluations of interventions at
the household level. While an impact evaluation is essential to examine the success or failure of a policy
with regard to the actors targeted, the advantage of ex ante policy analysis is the possibility to simulate
different policies and capture complex effects arising through linkages between different levels and actors
of the economy (Diao and Thurlow 2012). Since simulation models can be built at varying levels of
aggregation (economywide, sector level, or microlevel), the question arises as to which kind of model
should be used for analyzing policies within the nexus framework. This section provides a brief
discussion on theories behind existing models before reviewing their advantages and disadvantages for
analyzing synergies and trade-offs from policies on food, water, and energy security.

Theoretical Foundation and Composition of Models

The essence of quantitative policy analysis through economic simulation models is to reproduce the actual
structure of the economy as the structure determines how policies influence economic agents, sectors, and
markets. The structure itself is determined by linkages within an economy, resulting from the circular
flow of goods and services, which is typically represented by the flow of income between different actors
and markets in the economy in exchange for these goods and services. Figure 3.1 illustrates this flow of
income in an open economy in a simple and stylized manner. In this figure, rectangles represent economic
actors or sectors that include all households and farms, and circles denote markets. The arbitrary starting
point is households from which income is in the form of private consumption that flows as sales revenue
to producers and is intermediated through product markets, thereby encompassing consumption linkages
between producers and households. Producers use this revenue to pay wages to households for the factors
of production that they offer, which are intermediated through factor markets. Producers can also use
revenues to buy intermediate inputs at the product market from other producers. These production
linkages encompass intersectoral or backward and forward linkages if the output of one sector is used as
an input in another sector. At the same time, different sectors or producers compete for (limited) resources
or production factors, such as labor, land, and capital, creating trade-offs (compare Diao and Thurlow
2012). These linkages imply that an intervention targeting a nexus sector invariably affects all three nexus
sectors. According to our definition, an intervention can be termed a nexus intervention if it has at least
one direct effect on one sector and indirect effects on the other sectors. Because a nexus intervention is
usually aimed at improving food, water, or energy security, it exerts a direct effect on at least one of the
sectors by affecting its output. This policy then has indirect multiplier effects on other sectors working
through production and consumption linkages on both product and factor markets, which is explained in
further detail below.

At the heart of basically every economic model lies the finding of the optimal and efficient
allocation of scarce resources involving utility maximization of households and profit maximization of
producers. Both consumers and producers converge at factor and product markets. Following neoclassical
microeconomic theory, an optimal allocation of limited resources can be reached only if during an
equilibrium of supply and demand for all markets. Thus, any distortion in the equilibrium of one market
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through changes in demand and supply in one sector, such as through an intervention, must change the
optimal resource allocation. A new equilibrium is reached through the price mechanism, that is, until
supply equals demand. These general equilibrium effects influence supply and demand of other sectors
through consumption and production linkages on factor and product markets (compare Felderer and
Homburg 2005). An intervention aimed, for example, at increasing food availability through a fertilizer
subsidy would increase demand for land from the food sector, potentially decreasing available land for
biofuel production. On the other hand, an increase in food output would decrease the price of food,
resulting in households having more money to spend on nonfood products from other sectors such as fuel.
Although this market interaction is at the core of the economy, other actors and institutions are also
affected through linkages. As shown in Figure 3.1 save income and pay taxes to the government. The
government saves, consumes, and makes transfers to households. Savings flow back to producers in the
form of investments. Eventually, most countries trade with the rest of the world, selling their products as
exports and buying foreign products as imports. In summary, this figure demonstrates that an intervention
that appears to influence only a small part of the economy will invariably affect other parts of the
economy through the described linkages.

Figure 3.1 Circular flow of income in an economy
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Source: Authors, based on Breisinger, Thomas, and Thurlow (2009).

To depict these linkages, simulation models are usually composed of two parts. The first part is a
theoretical model with a system of behavioral equations for different actors and markets and is based on
economic theory. The second part consists of empirical data, which is used to calibrate the model’s
parameters to make the model a more realistic representation of economic processes. How many
economic processes the model encompasses and the amount of detail in which it covers different actors
and markets depends on its purpose. Two types of economic models for policy analysis are distinguished,
depending on their focus. These are partial and general equilibrium models. A general equilibrium or an
economywide model that mirrors the complete circular flow of income and thus the structure of the
economy (shown in Figure 3.1) therefore encompasses all linkages between economic actors and markets.
Partial equilibrium models, on the other hand, encompass only a part of an economy, such as a market or
sector, and ignore the effect of policy measures on the rest of the economy by usually assuming that the
effect is small or nonexistent (Piermartini and Teh 2005). In light of the goal to analyze the effects of
policies on the FEW nexus, this assumption of partial equilibrium models appears to be problematic.
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However, since economywide models represent the whole economy of a country, a rather high level of
aggregation is necessary. This means that not every economic actor can be represented in the model.
Instead, there are representative agents. To find the most suitable model for an analysis of nexus policies,
the next section briefly reviews partial and general equilibrium models.

Partial Equilibrium Models

Although partial equilibrium models are not suitable for a thorough analysis of a nexus intervention, some
existing models can be useful to analyze specific parts of the nexus in more detail, given their flexibility,
especially in spatial terms. An example for the energy sector is the MARKAL model of the International
Energy Agency (IEA), which allows the simulation of different energy policies and scenarios such as
climate change to find an energy—technology combination that minimizes the total cost of the energy
system in both monetary and environmental terms (IEA ETSAP 2014). However, this model is available
and suitable mostly for applications to industrialized countries (IEA ETSAP 2014). Similar models for
energy policy analysis are the MESSAGE model, which is also used to analyze effects of interventions on
access to energy for the household sector (IIASA 2013), and the LEAP model of the Stockholm
Environment Institute (SEI), which allows energy policy analysis on a global, national, and city scale
(SEI 2013). The SEI also maintains a model for water system planning and water policy analysis called
WEAP (WEAP21 2014). Because water is a natural resource that is often not traded at a market, WEAP
and other water simulation models incorporate hydrological features to be able to capture the actual water
supply. In terms of food security, the International Food Policy Research Institute’s (IFPRI’s)
International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT) model is a
partial equilibrium model of the agricultural sector that is able to simulate effects of climate change or
biofuel production on macrolevel food security on a global, regional, and national scale. In addition,
IMPACT has been combined with a water simulation model to encompass linkages between food
production and water supply and demand (Rosegrant and the IMPACT Development Team 2012).
IMPACT can therefore simulate effects of policy measures on both water and food security, providing
results on the magnitude of first-order effects.

The Climate, Land, Energy, and Water (CLEW) project’ is the only modeling approach that
integrates all three nexus sectors by combining the above-mentioned energy model LEAP, the water
simulation model WEAP, and the Agro-Ecological Zoning (AEZ) land use model. The CLEW approach
can model effects of policy measures on energy and water demand and supply, as well as changes in land
use for different crops (Welsh et al. 2014), making it a suitable modeling framework to quantify first-
round effects of interventions on macrolevel food, water, and energy security. Nevertheless, a
combination of partial equilibrium models, such as in the CLEW project, is not able to capture linkages
with other sectors or macroeconomic growth effects concerning savings and investment. In addition, it is
not able to simulate effects on individual or microlevel securities, that is, on access to food, water, and
energy, which can only be captured by microsimulation models.

Microsimulation Models

To examine nexus effects at the microlevel, that is, households and individuals, a microsimulation
approach is more suitable because it provides information about the distributional effects of policies. At
the center of microsimulation models is the product demand and factor supply behavior of the individual
based on preferences and budget constraints. Behavioral microsimulation models commonly consist of a
microlevel dataset with detailed socioeconomic data and characteristics of the individual that mirrors the
economic environment, individual budget constraint, and a theoretical model of the individual’s behavior
usually based on welfare maximization. Since the theoretical model is calibrated with a microlevel

¢ The CLEWS project is a collaborative by the International Atomic Energy Agency (IAEA), the Royal Swedish Institute of
Technology in Stockholm (KTH), the International Institute for Applied Systems Analysis (IITASA), Stockholm Environment
Institute (SEI), United Nations Department of Economic and Social Affairs (UNDESA), Food and Agriculture Organization of
the United Nations (FAO), and United Nations Industrial Development Organization (UNIDO).
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dataset, the model can replicate the heterogeneity of individuals observed in the population and can model
their behavioral response quite accurately, instead of modeling only representative agents (Bourguignon
and Spadaro 2006). In this way, the model allows an evaluation of all relevant trade-offs of nexus
interventions at the individual level because it precisely identifies losers and winners. Although
microsimulation models are most suitable to evaluate welfare effects of interventions at the microlevel,
they remain partial equilibrium models because they analyze only the supply side of factor markets and
the demand side of product markets with prices being treated as given (Creedy and Kalb 2005; Diao and
Thurlow 2012). Thus, microsimulation models are not able to measure effects on other sectors or simulate
effects of nexus interventions on macrolevel food, energy, and water security. These effects can only be
simulated only by economywide models, which are discussed in the following section.

Computable General Equilibrium Models

Bazilian et al. (2011) argue for a systems approach in terms of a modeling framework that can capture all
interactions between food, water, and energy security. They also emphasize the importance of system
boundaries that are large enough to encompass decisive interactions while being small enough to enable
useful analyses. In terms of a nexus analysis at the country level, the most suitable system boundary is the
national economy itself, which calls for a framework that is able to capture all relevant interactions within
a country. Economywide models, called CGE models, encompass the complete flow of income as shown
in Figure 3.1 and hence incorporate all consumption and production linkages between economic actors
and markets. The decisive feature of CGE models is that they combine both the macro- and the
microlevels and consist of microeconomic foundations and macroeconomic closure rules.

A comprehensive framework requires a comprehensive database, which in CGE models is the
social accounting matrix (SAM). A SAM captures all economic flows for a particular year across product
and factor markets within an economy in the form of accounts for six types of economic “institutions.”
These institutions are activities, commodities, production factors, domestic institutions (households,
producers, and the government), capital, and the rest of the world. Accounts are organized in a square
matrix in which each account has a row and column listing all expenditure and income flows. The SAM is
a consistent and complete framework, as every income flow corresponds to some expenditure flows.
Accounts for each institution can be disaggregated into any number of accounts, such as different regions,
subsectors, or household types, depending on the objective of the study. However, the higher the level of
disaggregation, the more demanding the data requirements. The main data sources of a SAM are input—
output tables to capture production linkages; nationally representative household surveys for information
on consumption and income distribution; government statistics for taxes and transfers; and national
accounts for information on income and expenditures of producers, balance of payments, and trade
(Sadoulet and De Janvry 1995).

The second component of CGE models is formed by an analytical model of economic equations
to define the behavior of economic institutions and the key economic mechanisms driving the
simulations. Although the functional forms of equations in the theoretical model can differ depending on
the purpose, Walrasian general equilibrium theory forms the basis of the model by assuming profit-
maximizing producers and utility-maximizing households with their supply and demand decisions on
factor and product markets (Wing 2004). All these markets must clear at equilibrium product prices and
factor wages, which is the main driver of the simulations. The behavioral assumptions, however, imply
that the model works with representative agents and not individual households. This reduces the detail of
the models because a completely disaggregated model is not feasible given size and data requirements
(Bohringer, Rutherford, and Wiegard 2003).

This microconsistent framework together with macroeconomic closure rules ensures that the
effect of nexus interventions on food, water, and energy security can be fully captured by incorporating
the change in the behavior of individual actors as well as the change in macro dimensions and their
respective linkages. It is thus possible to simulate nexus interventions at all economic levels, such as the
introduction of improved cookstoves at the household level, the promotion of biofuel production in the

30



agricultural sector at the sector level, and economywide shocks like terms-of-trade shocks at the
macrolevel. The results can then provide evidence on how interventions change the availability of food,
water, and energy at the national level. In addition, the results generate information on distributional
effects at the aggregated household level and thus changes in access to resources. This allows for an
evaluation of trade-offs at the macro- and microlevels. Therefore, the CGE model is the most suitable
model for ex ante quantitative policy analysis of nexus interventions. Nonetheless, it is important to keep
in mind that CGE models are not predictive tools and can evaluate only possible outcomes. Moreover,
due to their fundamental structure as elaborated above, CGE models can capture only nexus linkages (that
is, production and consumption linkages), which work through markets and prices. Because the nexus
encompasses natural resources that are not traded at markets, this might necessitate the combination of
economic and ecological models to fully capture the nexus. Therefore some caveats exist concerning an
economywide analysis of food, water, and energy security at the macro- and microlevels in developing
countries. These problems are related to issues including data requirements, structural issues, and general
model features, which are discussed below.

Because the agricultural sector is usually the largest sector in developing countries, output data
are available through national accounts and input—output tables. Even though agricultural sectors are
dominated by the subsistence economy, household surveys are able to measure consumption and
production quite accurately. This means that the CGE model can simulate effects of policy interventions
on food availability and thus macrolevel food security quite well. However, because CGE models work
with representative household groups at a more aggregated level, they are not able to capture important
distributional effects within these representative groups and thus actual changes in microlevel securities.
Yet, this disadvantage can be reconciled by combining CGE models with microsimulation modules:
Several papers have combined CGE models with poverty and nutrition modules by linking each
household from a household survey top-down with its corresponding representative household in the CGE
model (Arndt et al. 2008; Arndt et al. 2010; Pauw and Thurlow 2011; Pauw et al. 2012). With regard to
microlevel poverty analyses, potential changes in consumption of representative households and in prices
evoked by interventions are imposed on the respective survey households to recalculate household
consumption expenditures and compare them to a poverty line (Pauw et al. 2012). For the nutrition
module, the initial caloric availability of surveyed households is calculated on the basis of their food
consumption. Through the top-down link of representative households’ consumption to the surveyed
households, changes in food consumption in the CGE model are imposed on the surveyed households to
estimate potential changes in caloric availability, which are compared to a measure of caloric
requirements (Pauw and Thurlow 2011). This method captures the effect of nexus interventions on access
to food within the CGE framework.

The analysis of energy security poses other difficulties. Formal energy supply in the form of
electricity or fuel plays an extremely small role for satisfying energy demand in developing countries.
Most energy supply comes from informal sources in the form of firewood and charcoal. Only formal
energy supply and demand is captured by input-output tables, supply-use tables, or national accounts and
can thus be easily incorporated into a SAM to simulate policy impacts on macrolevel energy security. On
the other hand, informal energy markets can be measured only by surveys. Because markets for charcoal
are illegal in many SSA countries, only a few studies have such data, such as Kambewa et al. (2007) for
Malawi. Moreover, firewood and wood for charcoal production is collected from forests, essentially for
free in monetary terms, and are thus not traded on markets. The costs of access to energy come in the
form of time, as people have to walk hours to collect wood, which decreases their available time for other
activities such as food production (Fisher 2004; Bandyopadhyay, Shuamsundar, and Baccini 2011). If the
household survey used in a CGE model were to account for the costs of rural energy production, such as
through collection time by calculating the opportunity costs of collecting firewood, it would be possible
to analyze policy effects on microlevel energy security by assuming explicit changes in households’ time
allocation. Moreover, a behavioral microsimulation model, such as a farm household model, or reliable
empirical data might be necessary to inform the CGE model about potential changes in time allocation
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through an intervention. The analysis of policy effects on the availability of wood as a natural resource,
however, will likely require a combination of CGE and forestry models.

Similarly, difficulties in analyzing water security in developing countries stem from the
nonexistence of markets. Apart from formal water distribution systems, which are available mainly in
urban areas, water in rural areas of developing countries is a free good, which means that it is difficult to
measure water supply and demand in economic terms (Ponce, Bosello, and Giupponi 2012). Water supply
comes from rain (green water), lakes, rivers, and the ground (blue water). Without formal distribution
systems, the only costs of water are extracting costs, time costs for carrying it, and political economy
costs if limited water sources are shared. The measurement of demand and supply for water within the
CGE approach thus requires more elaborate methods. Hassan and Thurlow (2011) solve the nonexistence
of water markets for South Africa by building a Water-SAM that accounts for water demand of different
sectors and regions. With the help of experimental field data, water-use-crop-yield production functions
are estimated that allow for the calculation of demand curves and shadow prices of irrigation water for
different crops. Industrial and domestic water demand supplied by the formal water distribution system is
estimated on the basis of supply use data and household surveys. This SAM is then used within a Water-
CGE model to analyze the economywide effects of water market policies in South Africa and shows
potential policy trade-offs for different sectors and households. A Water-SAM is thus well suited to
analyze the demand side of water security within the economywide nexus framework. In contrast, water
supply in developing countries depends largely on hydrological considerations. Since it is not feasible to
assume unlimited water supply in the long run, the most accurate approach to measure effects of nexus
interventions on water availability is most likely in the form of hydroeconomic modeling, such as a
combination of a CGE model with a hydrological model.

This review of different models has shown that the quantitative analysis of nexus interventions is
an extensive undertaking that requires many considerable challenges to be addressed. However, this
mirrors the complexity of the issue itself and emphasizes the need for a comprehensive policy analysis
framework that allows a better insight of effects on the nexus. Economywide simulation models are able
to show trade-offs and synergies of nexus interventions at all economic levels and can help guide
policymakers’ understanding of nexus effects ex ante and convince them to think beyond their respective
political departments.

Small-Scale Irrigation Suitability Ex Ante Analysis for Malawi and Mozambique

In this subsection, we propose a methodology for a small-scale irrigation analysis that builds upon
existing work at I[FPRI (Xie et al. 2014; You et al. 2011). We apply various criteria to score the irrigation
suitability of each pixel. The criteria and datasets we propose to use for this ex ante analysis are shown in
Table 3.1 and 3.2, and the proposed scoring scheme is shown in Figure 3.2.
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Table 3.1 Criteria and data for ex ante suitability analysis

Criteria

Dataset

Explanation

Topography (slope)

Groundwater
accessibility

Distance to perennial
surface water

Proximity to existing
irrigation

Market access

Surface runoff

SRTM (Shuttle Radar Topography Mission)

elevation data (USGS 2015)

BGS (British Geological Survey) quantitative

groundwater map for Africa

Global Lakes and Wetlands
Database (Lehner and Ddll,
2004), the V-Map Perennial
Streamlines dataset (National
Imagery and Mapping
Agency 1997)

FAO Irrigation Scheme Map (Sirte Africa Large

Irrigation Map)

Nelson (2008) travel time

Fekete, Vorésmarty, and Grabs (2002),
Global Runoff Data Centre (GRDC)

Small scale irrigation (SSI) tends to occur in
areas with gentle slope.

The BGS map provides estimates of depth to
groundwater, indicating if groundwater depth
is 0—7 meters, 7-50 meters, and 50-250
meters. It is used as an indicator of
accessibility to groundwater.

Markets for inputs and outputs are already
developed, and farmers are familiar with
irrigation.

Adoption of irrigation relies on markets both
for securing inputs including equipment/facility
maintenance and for selling crop products.
Small-scale irrigation technologies, such as
small reservoirs, depend on local runoff.

Source: Authors.

Table 3.2 Criteria for evaluating a pixel as entirely unsuitable for irrigation

Criteria

Measurement cutoff

Explanation

Topography (slope)

Groundwater
accessibility

Distance to perennial
surface water

Distance to main river
course

Proximity to existing
irrigation

Market access

Surface runoff data

Protected areas

Existing irrigation

Urban areas

10 degrees or greater

None

None

None

None

3 hours’ travel time or greater

None

Protected areas excluded

Existing irrigation

All urban areas excluded

Irrigation will, in most cases, be unfeasible for areas
with prohibitively steep slopes.

Alternative sources of water may be available.

Alternative sources of water may be available.

Alternative sources of water may be available.

Alternative sources of water may be available.

Excessive travel time to a major market indicates a
barrier to entry for small-scale farmers that may
make irrigation impractical if not infeasible. A cutoff
of 3 hours was chosen based on expert opinions
from the World Bank.

Alternative sources of water may be available.
Areas that are marked as protected and in which
agriculture is not allowed, as indicated by the UNEP
data, were excluded.

Areas with existing irrigation were considered
unsuitable for new irrigation projects.

Urban irrigation (such as rainwater harvesting) was
not included in this analysis.

Source: Authors.
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Figure 3.2 Ex ante analysis scoring
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In the ex ante suitability analysis, we divide the criteria parameters into three classes and use a
linear interpolation within the classes to calculate the scores. Such a classification is similar to a stepwise
function that gives us the flexibility of adjusting the threshold values after consulting with experts and
stakeholders. The overall rating of the irrigation suitability is the average of the total scores for all
applicable criteria. As both groundwater and surface water provide the same water resource for irrigation,
we take the larger score of these two for calculating overall irrigation suitability. Thus, for motor pumps,
the suitability score may be represented as follows:

S1 + max(Sy,83) + S5+ S5
S = 2

where S is the irrigation suitability score (hereafter, ISS), Si is the score for slope, S: is the score for
surface water access, Ss is the score for groundwater access, Sa is the score for ground distance to existing
large-scale irrigation schemes, and Ss is the score for market access.

Because of data availability, the above suitability analysis is done on a 0.5 km x 0.5 km grid. To
maintain transparency and reduce further subjectivity in the analysis, each irrigation suitability score,
which ranges from 0 to 100, is considered the percentage of area suitable for small-scale irrigation within
that pixel. We believe this represents a reasonable assumption given that subpixel heterogeneity is not
feasible under current data constraints. The ex ante suitability assessment may be further expanded to
represent technology-specific suitability so long as appropriate data are available. As a first step in our
analysis, we differentiated between motor pumps (able to reach deep groundwater), treadle pumps (able to
use groundwater only down to 7 m), and small reservoir technologies (not able to use groundwater but
may instead use surface runoff).

The four figures below demonstrate that market access is the most constrictive constraint, as it is
an exclusion criteria. Alternating the inclusion of various sources of water is also important for spatial
coverage but may not have as large of an impact on the results as market access. The specific spatial
patterns observed in Figures 3.3-3.5 may be broadly divided into three categories: the impact of distance
to markets, the impact of access to groundwater, and the impact of access to surface runoff, respectively.
The difference between Figure 3.4 and Figures 3.3 and 3.5 clearly demonstrates the restrictions imposed
on the analysis by market constraints. The contrast between Figure 3.3 and Figure 3.6 demonstrates that
restricting groundwater availability to 7 m depth uniformly lowers scores in northern Mozambique and
Malawi, although Malawi appears to be less affected. A plausible explanation for this is that the majority
of land area in Malawi is located within 10 km of an existing irrigation project. This means that in the
absence of available groundwater, much of Malawi has access to alternative sources of water. These
existing irrigation projects create the observed stippling of highly suitable areas throughout much of
Mozambique. The effect would be the same across Malawi if irrigation projects were not as dense. The
difference between Figure 3.5 and Figure 3.4 demonstrates that including surface runoff as a potential
source of water does not improve the suitability of the more suitable areas but rather raises their minimum
suitability, particularly across central and northern Mozambique.
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Figure 3.3 No market constraints Figure 3.4 Full parameterization (includes all
constraints)

Source: Authors’ calculation. Source: Authors’ calculation.

Figure 3.5 No market constraints, no Figure 3.6 No market constraints, no runoff,

groundwater, and surface runoff included and groundwater available to 7 m below
ground only
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Source: Authors’ calculation. Source: Authors’ calculation.
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To quantify the impact of the chosen scoring function of each parameter, a formal sensitivity
analysis was conducted by shifting the bounds of each variable by +/— 10 percent of the current variable
scoring range. This means that, for example, if the current 0 score for market travel time is 180 minutes,
then ranges of market travel time between 162 and 198 minutes were explored as the new 0 score in
intervals of 1.8 minutes. This information was recorded for each variable and plotted in Figure 3.7.
Market access was clearly the most sensitive parameter in the analysis, dominating the changes in mean
suitability score across the domain of analysis, which is the entire SSA for this figure. The next most
sensitive parameters are access to groundwater and land slope. Figure 3.7 can be updated as additional
variables are added to the analysis.

Figure 3.7 Sensitivity analysis as a function of linear shifts in the scoring function of each variable
for the fully parameterized motor-pump model for all of SSA
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4. MICROLEVEL ANALYSIS OF NEXUS INTERVENTIONS

At the microlevel, nexus interventions can be analyzed using qualitative or quantitative methods, or a
combination of the two. Regarding nexus interventions specifically, no literature could be found that
compares these two methods. Instead, we provide some generalizations. Quantitative methods at the
microlevel are most often ex post impact evaluations in the form of household surveys. Quantitative
results are expected to be statistically reliable, comparable, and generalizable, but they are inflexible and
may omit important factors that could be revealed only qualitatively. Qualitative methods at the
microlevel can be ex ante or ex post and can take the form of focus group discussions, in-depth
interviews, or case studies. Qualitative results are precise and rich in detail but are difficult to compare
and derive generalizations from. Qualitative data derived from interviews or focus group discussions
would include individuals’ perceptions of nexus interventions and their interrelated effects. Respondents
may raise issues that would otherwise not be assessed in quantitative research. If an intervention were
affecting a security in a way that had not been accounted for in the quantitative data, then qualitative
research would likely reveal the oversight. In the context of analyzing nexus interventions, it is best to
combine qualitative and quantitative methods to gain a comprehensive understanding of nexus effects at
the microlevel. Ex ante qualitative methods, such as focus group discussions, should be used to narrow
and confirm the relevance of an intervention. In an ex post analysis of the intervention, qualitative and
quantitative methods complement each other and provide a full picture of effects.

Several challenges exist in the microeconomic analysis of nexus interventions. Many of these
challenges are born from aggregation issues. Whether it be in extrapolating village-level data to the
national level, assessing gender effects in technology adoption, or investigating income effects on child
nutrition, improper aggregation can lead to erroneous research conclusions and misguided policy
recommendations. The majority of microeconomic analyses are performed as ex post, impact evaluations.
Detailed household-level data is collected in surveys that, because of their cost, are usually limited in
scope to a sample size. This data are then used to make economywide models that are based on highly
aggregated estimates (Simler and Nhate 2005). This is a constraint for policymakers to introduce well-
targeted interventions. Targeting the rural poor in SSA is especially difficult because of low population
densities and administrative constraints. The use of geographical targeting and poverty maps can help, but
as Simler and Nhate (2005) find in Mozambique, poverty is not necessarily highly concentrated spatially.
They observe that inequality between districts or administrative posts accounts for only about 20 percent
of consumption inequality. The inference is that interventions using geographical targeting or poverty
maps are prone to high levels of leakage to nonpoor and undercoverage of poor households in the
nontargeted, less-poor areas.

One way to minimize detrimental aggregation effects when extrapolating household-level data is
to use household modeling. As explained by Dorward et al. (2004), this entails developing the following:
a typology for household types, that is, categorizing households by agroecological zone and
socioeconomic characteristics; models that describe household behavior; and ties between the household
model and a wider model of the informal rural economy. The household model accounts for seasonality in
prices, labor, expenditures, savings, and so forth; income-generating activities; heterogeneity between
households of a single zone in terms of land, labor, and capital; the effects of imperfect markets and
transaction costs; and food-security objectives of consumers. The resulting informal rural economy model
provides more detail on household challenges and opportunities than a CGE model and illustrates the
interaction of households with nonfarm rural economies, but lacks the temporal and sectoral breadth of a
CGE model (Dorward et al. 2004).

In analyzing the microeconomic effects of nexus interventions, it is important to include gender
issues. In the area of extension services, for example, it has been found that having a female contact
farmer for sustainable land management training improves adoption rates and the likelihood of knowledge
spillovers in rural communities of Mozambique (Kondylis and Mueller 2012). Moreover, analysts need to
take care in defining “women farmers” and their gender indicators (Ragasa 2012). The literature states
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that various gender indicators need to be collected for robust policy interventions, as female farmers are a
heterogeneous group. Most studies, however, compare female- and male-headed households. Women
farmers in male-headed households should not be ignored. Furthermore, there should be a distinction
between de facto and de jure female-headed households. In determining factors that that affect technology
adoption and income, studies should take into account the fact that female-headed households are
generally smaller and have less access to resources. Lastly, interaction of gender with other demographic
characteristics needs to be included in analysis (Ragasa 2012; Doss 1999; Doss and Morris 2001;
Quisumbing and Pandolfelli 2009; Peterman, Behrman, and Quisumbing 2010). Failure to address these
methodological issues could result in ineffective targeting and faulty policy recommendations (Ragasa
2012; Doss 1999; Doss and Morris 2001; Quisumbing and Pandolfelli 2009). Further aggregation
challenges can occur when aggregating individuals into groups. For example, in the area of child nutrition
in Mozambique, household income and mother’s education have different effects on child nutrition
indicators depending on the child’s age (Sahn and Alderman 1997). Aggregating children into overly
broad age groups, as is too often done, camouflages age-specific patterns and misrepresents impacts of
income growth and nutrition education initiatives.

When determining the utility of nexus interventions, it is paramount to select appropriate outcome
variables. In analyzing policy impacts on food insecurity and malnutrition in developing countries, much
work has been done on calorie consumption effects, but micronutrient effects have largely been neglected.
For example, Malawi’s FISP has been relatively successful in increasing maize consumption (the local
high-calorie staple), but it is unclear how the program has affected nutrient deficiencies (Pauw, Ecker, and
Mazunda 2011). The literature finds that the battle against nutrient deficiencies would be better won
through income-growth policies rather than input subsidies. Food price regulations in SSA are not only
economically ineffective but can be damaging in the long run (Ecker and Qaim 2011; Bates 1981; Lipton
1977). Because of differing price elasticities of food demand and micronutrient demand in Malawi, Ecker
and Qaim (2011) recommend income-related policies as an alternative to food production input subsidies
such as FISP because they are less likely to distort markets and more likely to improve micronutrient
consumption. Access to health and education improve with incomes (Anand and Ravallion 1993). If
income-growth interventions (such as cash transfers and employment programs) are not feasible, an
additional alternative would be to promote staple food biofortification (Qaim, Stein, and Meenakshi
2007).

The extent to which the utility of nexus interventions has been maximized at the microlevel is
difficult to determine due to the inherently interwoven nature of related improvements and trade-offs and
their inseparability at the household level. The availability of irrigation could improve food availability
for a household by increasing crop yields, or it could reduce food availability if the household uses the
irrigation to specialize in a cash crop. Within a village, increased irrigation could cause disparity between
landholders and the landless and therefore detract from the community drinking water supply. Anecdotal
evidence from Malawi suggests that food security and improved household welfare may be damaging to
energy security: As farmers gain wealth, they upgrade their housing from straw and clay huts to mud
brick buildings. The production of these bricks requires large quantities of firewood and is a major
contributor to deforestation. Such trade-offs at the microlevel could be analyzed qualitatively but could
prove difficult to analyze quantitatively.

Secondary Data Analysis of FEW Nexus Patterns in Malawi and Mozambique

Below, descriptive statistics and econometric analyses are applied to investigate patterns of the FEW
nexus in Malawi and Mozambique. In particular, probit analyses examine the drivers of adoption of soil
fertility management practices, type of cooking energy used, and irrigation (hereafter, FEW technologies).
We assume that the probability to adopt FEW technologies is given by the following relationship:

P(y=1x) = f( B, + B x)
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where f(z) is normally distributed with a probability density function of

(x—u)’
o271 P 20"

b

X is a vector containing covariates of drivers influencing the adoption of a FEW technology, p; p is the
mean of xi; o is the standard deviation of xi; and Bi are coefficients associated with the corresponding
covariate i.

Household-level capital endowment, land tenure rights, and village-level biophysical and
socioeconomic characteristics are major drivers of the adoption of soil fertility management, irrigation,
and use of energy sources (Reardon and Vosti 1996; Carney 1998), including natural capital, that is, the
quantity and quality of natural resources such as land, water, forests, land investments, and ecosystem
services therein; financial capital, that is, access to credit, savings, and income; social capital, that is,
norms, values, cooperation, and trust that exist among community members that result in beneficial
outcomes (Lin 2001; Pearson, Carr, and Shaw 2008); and human capital, that is, stock of family labor,
human knowledge, and skills. The expected signs of the covariates are summarized in Table 4.1. We
expect that natural capital will enhance the adoption of inorganic fertilizer as farmers are likely to apply
fertilizer on plots with relatively good fertility to obtain maximum returns to fertilizer (Nkonya et al.
2008); however, the inverse relationship of farm size and productivity (Feder 1985; Lamb 2003) suggests
that farmers with a large farm area are less likely to apply fertilizer than those with a smaller farm size.
On the other hand, large farm size is likely to increase the probability of acquiring irrigation equipment,
infrastructure, or both and of using improved cookstoves (ICSs), as they are expensive. Land investments,
such as agroforestry, are likely to increase the probability of applying fertilizer. Because tobacco
producers are wealthier than nontobacco producers (Orr 2000), we expect them to be more like to apply
fertilizer. Likewise, greater physical capital and income are expected to positively influence the adoption
of chemical fertilizer, irrigation, and ICS. Wealthier farmers’ opportunity costs are higher, and therefore
they are less likely to adopt labor-intensive management practices such as manure application. Social
capital is expected to positively influence adoption of FEW technologies because it could help farmers
gain access to rural services and other productive and marketing services and address other constraints.
According to De Soto (2000), farmers with secure land tenure are expected to have long-term
investments, such as irrigation infrastructure and manure application. However, farmers with insecure
land tenure may also invest more in fertilizer and other inputs with short-term high returns. Land tenure
may not affect directly energy sources given that this is a homestead investment, yet it may indirectly
affect the choice of energy sources due to its impacts on income. Access to rural services and household
human capital are generally expected to increase adoption of FEW technologies. However, access to rural
services and higher education could increase farmers’ opportunity costs and there reduce the propensity to
adopt labor-intensive technologies such as manure.
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Table 4.1 Independent variables in the binary choice model and their expected signs

Data available?

(yes=1, no=0)

Variable Fertilizer Manure Irrigation Improved Malawi Mozambique

cookstove
Natural capital
Farm size - + + + 1 1
Land investment on farm dummies + +/— +/— - 1 1
(yes =1,n0=0)
Grow tobacco + - + + 1 1
Physical capital
Own livestock —/+ + + —/+ 1 1
Value of buildings + + + + 1 1
Value of agricultural equipment + + + + 1 1
Human capital
Level of formal education of
household (compare no formal
education)
Primary + + + + 1 1
Secondary + + + + 1 1
Postsecondary + + + + 1 1
Primary activity of household head 1 1
(compare crop production)
Nonfarm activity —/+ - - + 1 1
Livestock - + - - 1 1
Sex of household head (male = 1, + + + + 1 1
female = 0)
Household size - + + - 1 1
Access to rural services
Received education aid (for - - - - 1 1
example school feeding program)
Received food aid - - - - 1 1
Received fertilizer subsidy + —/+ —/+ + 1 1
Distance to all-weather road (km) - + - - 1 1
Received extension visits. + + + + 1 1
Method of land acquisition —/+ + +/— —/+ 1 1

(compare inheritance)

Source: Authors.

A number of variables are endogenous. Two-stage least approach (2SLS) gives consistent and
unbiased coefficients if instrumental variables (IV) are not correlated with the model’s error term
(Davidson and MacKinnon 2004). However, data in both countries did not provide good instruments, so
we estimated both structural and reduced models to check for robustness of the coefficients. The
continuous variables were checked for normality and skewness and were found to have fairly normal
distribution. Multicollinearity was also checked by the variance inflation factor (VIF), and results indicate
that it was not a concern because the VIF is less than 10 (Mukherjee, White, and Wuyts 1998). To control
for heteroscedasticity, we estimate robust maximum likelihood coefficients. The empirical model is
dictated by data availability. Variables in Table 4.1 were collected in Malawi from the integrated
household survey of 2010/2011 and in Mozambique from the 2008 household budget survey. However,
some key data, such as irrigation, were not available from the Mozambique household budget survey. To
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address this gap, we obtained data from the 2008 agricultural household survey, which was also missing
some key data needs, such as the source of cooking energy. Below, we present descriptive results and
econometric results for Malawi and then Mozambique. Table 4.2 reports basic characteristics of rural and
urban households in Malawi. Malawian farmers are largely smallholder producers with an average farm
size of only 3.7 acres among rural households. The average farm size of female-headed households is
only half of that for male-headed households. This is typical for SSA and underlies the challenges of
female-headed households in resource management. The most common land tenure is customary, in
which the method of land acquisition is inheritance.

Table 4.2 Land tenure in Malawi

Malawi Urban Rural Male Female
3.6 1.2 3.7 4.1 2.0

Variable

Farm size (acres)

Land tenure/method of land acquisition (%)

78.5 55.0 79.7 77.8 80.5
Inherited

9.1 54 9.3 8.8 10.0
Granted by local leaders
Rented in 6.9 17.6 6.4 7.6 4.9
Purchased 2.6 7.7 2.4 2.9 2.0
Other methods 2.8 14.3 2.3 2.9 2.6
Sex of land owner
Female 35.1 25.5 35.5 21.3 74.3
Male 34.6 26.3 35.0 451 4.5
Not owned 19.1 37.3 18.2 194 18.1

11.3 10.8 11.3 14.2 3.1

Jointly owned
Source: Malawi integrated household survey 2010/2011 (NS0 2012).

As expected, a large share of farmers (61 percent) apply inorganic fertilizer and only a small
share apply organic inputs (see Table 4.3). Holden and Lunduka (2012b) observed that in Malawi, the
application of inorganic fertilizer does not crowd out the use of organic inputs. Thus, the small share of
farmers using organic inputs seems to be related to extension messages. This is supported by findings in a
study that interviewed agricultural extension agents in Uganda and Nigeria and revealed that only a small
share of extension agents provided advisory services on organic inputs (AGRA 2014; Nkonya et al.
2014). Likewise, the adoption rate of improved maize seed is high, which likely stems from subsidies
under FISP, which include improved seeds. Very few households use irrigation on their farms, just 0.5
percent (Table 4.3), which is comparable to the percentage (0.6 percent) of cropland under irrigation in
SSA (AGRA 2014). Despite Malawi’s development and promotion of ICSs, use of nonwood as a cooking
energy source is quite low among rural households. About 41 percent of rural households are food
insecure, which is consistent with Figure 2.3 and again shows that Malawi has not achieved food security
despite large investments in subsidies.
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Table 4.3 Characteristics of input use and enterprises in Malawi

Variable Malawi Rural Male Female
Inorganic fertilizer 61.3 61.0 61.9 59.8
Organic fertilizer 115 11.3 11.7 10.9
Improved maize seeds 31.6 30.7 — —
Recycled maize seeds 4.0 3.7 4.0 3.9
Irrigation 0.5 0.5 0.6 0.3
Tobacco 8.5 8.9 10.4 3.3
Access to safe potable water 78.7 78.7 — —
Source of cooking energy

Solid bioenergy 97.4 99.3 — —
Electricity 25 0.6 — —
Charcoal 8.9 23 — —
Crop residues/sawdust/animal waste 0.8 0.9 — —
Food insecure (inadequate food) 38.3 40.9 35.8 46.3

Source: Malawi integrated household survey 2010/2011 (NSO 2012).
Notes: Data are from 2011. Percent of energy sources used add to more than 100 percent because some households use more
than one source of cooking energy.

We now turn to the econometric results from the probit analyses. As expected, proximity to roads,
access to credit, and participation in agricultural marketing have a strong and favorable impact on the
adoption of irrigation and both inorganic and organic fertilizer. Likewise, farmers who acquired land
through purchase are more likely to use irrigation and adopt soil fertility management practices compared
with those who acquired land through inheritance. These findings demonstrate the importance of farmer
participation in markets and the key role of rural services for the adoption of irrigation and soil fertility
management practices (Barrett 2008). Surprisingly, access to agricultural extension services has a weak or
no significant impact on the adoption of irrigation and soil fertility management practices. The weak
impact of agricultural extension on adoption of inorganic fertilizer could be due to the widespread
awareness of farmers resulting from fertilizer subsidy and other long-term food security government
programs. The weak impact on irrigation is not surprising given that irrigation advisory services have
generally been poor in SSA (Nkonya et al. 2014).

Controlling for income and wealth indicators, household size increases the propensity to use
irrigation and soil fertility management practices, an aspect that could reflect household efforts to
maximize productivity on their land. As expected, female-headed households are less likely to use
irrigation, inorganic fertilizer, and organic fertilizer. This reflects their natural and social capital
constraints that could lead to their failure to use these technologies. Secondary education by the
household head has a negative impact on adoption of all three technologies, which could be explained by
improved access to alternative livelihoods that could lead to a lower priority given to crop production.
Lower adoption of manure could also be due to higher opportunity costs from more education. Likewise,
rural households are more likely to use all three technologies compared with urban households.
Consistent with the induced innovation theory (Boserup 1965), community population density increases
the propensity to use fertilizer. However, population density does not have a significant impact on the
adoption of organic inputs.

Consistent with results on adoption of irrigation of irrigation and soil fertility management
practices, Table 4.4 shows that access to credit, participation in markets, having nonfarm activities or
higher education of the household head, and proximity to roads reduces the propensity to use the
traditional fuelwood. Higher education of the household head also increases the probability to use
electricity and charcoal but reduces the probability to use paraffin (see Table 4.5). This further
demonstrates the importance of access to rural services in achieving the virtuous FEW nexus.
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Table 4.4 Drivers of irrigation and fertilizer adoption in Malawi (N = 10,360)

Variable Irrigation Inorganic fertilizer Organic fertilizer
Probit model type Structural Reduced Structural Reduced Structural Reduced
Access to rural services
Received credit 0.168*** 0.204*** 0.145**
Nonfarm is primary activity 0.012 0.004 0.090*
Received extension services  0.025 0.057 0.090*
Participated in agroforestry
programs 0.021 0.057 -0.036
Participate in market 0.222*** 0.349*** 0.263***
Received food aid -0.102** 0.002 —-0.048
Received input vouchers 0.262 0.443 0.685**
Received cash transfer 0.151 0.111 0.728*
Participated in education
program 0.075 0.092 0.031
Human capital
Grow tobacco 0.092* —-0.009 0.063
Ln(household head age,
years) -0.167*** —0.203***  —-0.254*** -0.289***  —-0.103 —-0.150**
Ln(household size) 0.122*** 0.128*** 0.154*** 0.169*** 0.168*** 0.173***
Female-headed household -0.112** -0.142***  -0.110** -0.133** —-0.054 -0.073
Primary activity livestock 0.138*** 0.197*** 0.189*** 0.263*** 0.246*** 0.309***
Level of education of household head (compare no formal education)
Primary education —-0.021 0.005 0.048 0.077* —-0.056 -0.02
Secondary education —-0.190** -0.212*** —-0.230*** —0.253***  -0.049 -0.078
Postsecondary education -0.174 -0.194 -0.056 -0.099 -0.156 -0.19
Land tenure/method of acquisition (compare customary)
Purchased 2.408*** 2.388*** 1.543*** 1.529*** 1.384*** 1.398***
Rented 2.172%** 2.155*** 1.672*** 1.657*** 0.850*** 0.855***
Granted by local leaders 2.393*** 2.400%** 1.262*** 1.274*** 1.248*** 1.253***
Other acquisition methods —1.137** -1.076** 0.019 0.129 —0.091 —0.011
Expenditure quintile (compare low quintile)
Medium —-0.067 —0.066 0.02 0.028 —-0.002 0.003
High -0.045 -0.029 0.064 0.085 0.006 0.031
Ln(community population) -0.014 -0.015 0.040** 0.037** 0.028 0.027
Ln(distance to city, km) —0.107*** —0.095*** —-0.138*** -0.120***  -0.199*** -0.186***
Rural area (compare urban) 0.590*** 0.660*** 0.529*** 0.620*** 0.736*** 0.801***
Constant 0.01 0.082 —1.545*** =1.477***  —2.040*** —1.884***
Source: Authors’ calculations.
Note:  *, ** and *** indicates 10%, 5% and 1% significance level, respectively.
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Table 4.5 Drivers of energy choice in rural Malawi (N = 9,462)

Variable Charcoal Fuelwood Electricity Paraffin
Probit model type Structural Reduced Structural Reduced Structural Reduced Structural Reduced
Access to rural services

Received credit —-0.097 —0.310*** —-0.08 0.147*

Nonfarm is primary activity -0.138 —0.228*** 0.022 -0.017

Received extension services -0.017 0.147* -0.014 0.140***

Participated in agroforestry programs —0.082 -0.162** -0.267*** -0.101*

Participated in market 0.049 —-0.262*** 0.024 —-0.049

Received food aid -0.102 -0.11 0.170** -0.214**

Received input vouchers -3.733*** 3.891*** -3.659*** 0.274

Received cash transfer —3.243*** 3.695*** -3.812*** 0.263

Participated in education program  —4.164*** -0.294 —4.263*** 0.116

Human capital

Grow tobacco —0.920*** 0.573*** -0.336*** 0.206**

Ln(household head age, years) —0.249* —0.254** 0.140* 0.160* 0.095 0.057 0.471*** 0.434***
Ln(household size) —0.345*** —0.354*** 0.258*** 0.253*** —-0.084 -0.077 0.073 0.071
Female-headed household —-0.201 -0.186 0.075 0.027 —-0.059 —-0.038 0.435*** 0.401***
Primary activity livestock -0.227** —0.294*** 0.075 0.03 0.064 0.014 —0.241*** —0.209***
Level of education of household head (compare no formal education)

Primary education 0.295*** 0.278*** -0.130* -0.130** 0.297*** 0.264*** —0.301*** -0.276***
Secondary education 0.738*** 0.753*** —-0.656*** —0.659*** 0.636*** 0.633*** —0.454** —0.463**
Postsecondary education 0.815*** 0.806*** -1.014*** -0.968*** 1.130*** 1.117*** —3.523*** —3.593***
Land tenure/method of acquisition (compare customary)

Purchased —4.036*** —4.114*** 4.192*** 3.439*** -3.837*** -3.760*** —3.945%** —3.998***
Rented 0.154 0.129 -0.519** —0.590*** 0.321 0.36 —3.685*** —3.694***
Granted by local leaders —4.537*** —4.615*** 0.245 0.256 —4.875*** —4.993*** —-0.059 —0.031
Other acquisition methods 3.546*** 3.562*** 0.397 0.222 —0.229 —0.293 3.771*** 3.864***
Expenditure quintile (compare low quintile)

Medium 0.463** 0.441** 0.085 0.064 0.013 —-0.002 —0.429*** —0.422***
High 1.249*** 1.211*** -0.416*** -0.407*** 0.624*** 0.613*** -0.720*** —0.697***
Ln(community population) 0.130*** 0.118*** -0.129*** -0.119*** 0.029 0.029 -0.113*** -0.116***
Ln(distance to city, km) —0.154*** -0.168*** 0.314*** 0.333*** —0.150*** -0.170*** 0.138*** 0.135***
Rural area (compare urban) —5.494*** —5.425*** 0.834 0.588 —2.032*** —1.793*** —7.009*** —6.920***
Constant

Source: Authors’ calculations.

Note: *, ** and *** indicates 10%, 5% and 1% significance level, respectively.



The adoption rate of fertilizer in Mozambique is much lower than in Malawi. Only 11 percent
of farmers at the national level and 15 percent in Tete province’ (located in northwestern Mozambique
and bordering Malawi) use fertilizer (Figure 4.1) compared with more than 60 percent in Malawi
(Table 4.3). This difference has several possible explanations, including the impact of fertilizer
subsidies in Malawi and the lack of such input support in Mozambique. In addition, production of
maize—a crop that receives the largest share of fertilizer in SSA (FAO 2006)—in Malawi is more
pronounced than in Mozambique. However, Tete has a greater adoption rate of fertilizer than
expected. About 12 percent of households in Mozambique and 15 percent in Tete use irrigation. This
is higher than in Malawi, where less than 1 percent of households use irrigation. Part of this large
difference is the much drier environment in large parts of Mozambique that require irrigation. As is
the case in Malawi, the majority (96 percent) of households in rural Mozambique use woodfuel. Table
4.6 provides details on the energy sources used in Mozambique and in Angonia district in Tete,
showing that other sources of energy are paraffin, electricity, and charcoal. This further shows the
need to increase investment in the development of cooking energy sources including ICSs.

Figure 4.1 Adoption of soil fertility management and irrigation in Mozambique
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Source: National Agricultural Survey 2008 (MINAG 2009).

Table 4.6 Sources of cooking energy in Mozambique (in percentage, using source)

National Angonia district
Rural Urban Rural Urban

Energy source (N=14,041) (N=5,223) (N=621) (N=443)
Electricity 0.1 1.6 0.2 1.1
Gas 0.1 6.6 0 4.9
Paraffin 0.6 04 0 1.1
Charcoal 1.6 42.9 1.3 41.7
Coal 0.3 1.2 0.5 0
Wood 96.3 46.9 95.8 50.6

Source: Inquérito Sobre Orcamento Familiar 2008/2009 (INE 2010).

7 We focus on Tete Province and on Angonia district specifically due to an ongoing project there on the FEW nexus.
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We now examine results from the econometric analyses for data from Mozambique. Similar
to findings in Malawi, growing tobacco and having a higher income increase the propensity to use
fertilizer in Mozambique (Table 4.7). The results also show that having a bank account and livestock
increase the probability of using fertilizer. As expected and consistent with Malawi, women are less
likely to use fertilizer. Surprisingly, ownership of a television set or radio, access to market, and
higher education of the household head has either a negative impact or no impact on the adoption of
fertilizer. In general, the favorable impacts of access to rural services found in Malawi are not
reflected in the findings from Mozambique. This may be due to the generally poor rural services there
as well as the unavailability of key data, such as access to extension services, which could lead to
omission bias and poor results. The probability to use electricity or charcoal decreases for tobacco-
growing farmers (Table 4.7). As expected and consistent with results from Malawi, urban households,
households closer to roads, households with higher income, and households whose heads have
completed more education are more likely to use charcoal or electricity. Tobacco growers, livestock
keepers, postsecondary education, and age of household head reduce the propensity to use paraffin.
Similar to the results for the adoption of fertilizer, other important data on rural services are
unavailable, which could introduce omission bias.

Table 4.7 Drivers of fertilizer use in Mozambique

National (N = 10,798) Rural (N = 5,588)

Structural Reduced Structural Reduced
Human capital
Grow tobacco 12.447*** 11.935***
Ln(hours doing nonfarm activities) -0.282 -0.263
Primary activity is livestock 21.188*** 8.003*** 20.667*** 5.925***
Ln(household size) 0.377 0.634** 0.287 0.513*
Ln(age household head) -1.109** —-0.669*** -0.861** —0.504***
Female-headed household —4.890*** -0.269 —4.546*** —0.269
Level of formal education of household head (compare no formal education)
Primary education -9.751*** -0.24 -9.246*** -0.229
Secondary education -0.307 0.425 -0.137 0.443
Postsecondary education —4.661 =3.177*** —4.51 -3.348
Financial capital
Have bank account 1.298*** 1.078***
Income group (compare low expenditure quintile)
Middle expenditure quintile 14.599*** 5.654*** 14.437*** 3.592***
Highest expenditure quintile 14.685*** 5.550*** 14.533*** 3.507***
Access to rural services
Own radio —0.531 —-0.203 -0.516 —-0.196
Own television —16.787*** —6.308*** —4.503 —3.728***
Ln(time to market) -0.265 -0.178 -0.262 —-0.184
Reside in urban area —8.359*** —4.495*** — —
Constant —13.207*** —6.660*** —13.777*** —4.976***

Source: Authors’ calculations.
Note: * ) *¥* and *** indicates 10%, 5% and 1% significance level, respectively.

Both human capital (household size and education) and physical capital endowment
positively influence the adoption of irrigation. The results suggest that irrigation development and
access is strongly driven by capital endowment. Additionally, farmers tend to complement soil
fertility improvement with irrigation—an area that strongly supports farmer behavior to ensure greater
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returns on investment. The results imply the need for organizing farmers into water user associations
to pool resources together and overcome other constraints that could hamper resource-poor farmers
from investing into irrigation. The weak impact of extension services on irrigation implies limited
advisory services on agricultural water management, which is a typical problem in SSA (Shah et al.

2002).

Table 4.8 Drivers of cooking energy source in Mozambique (N = 10,798)

Charcoal Fuelwood Paraffin Electricity

Structural Reduced Structural Reduced Structural Reduced  Structural Reduced
Human capital
Grow tobacco  —2.942*** 3.275*** -2.910*** —2.143***
Have bank
account 0.386*** —0.569*** 0.061 0.18
Primary activity of household head (compare crop production)
Ln(hours doing
nonfarm
activities) 0.040*** -0.013 0.01 —-0.038
Livestock 0.138 0.195 0.145 0.021 -3.005*** -3.024*** -3.068*** —2.895"**
Ln(household
size) -0.166*** -0.161*** 0.391***  0.387***  -0.078 -0.077 -0.266*** —0.274***
Ln(age
household
head) -0.320*** -0.289*** 0.157***  0.107** -0.269**  -0.269** -0.221 -0.175
Female-
headed
household 0.063 0.044 —0.047 —0.029 —0.056 —0.059 0.119 0.117
Level of education of household head (compare no formal education)
Primary
education 0.332=**  0.358**  -0.231*** -0.262*** -0.099 -0.097 0.32 0.333
Secondary
education 0.466***  0.589***  -0.544*** -0.718"** -0.193 -0.178 0.683***  0.748***
Postsecondary
education —0.099 0.07 -0.905*** —1.212** -3.058*** -3.029*** 1.078*** 1.172***
Income quintile (compare lowest quintile)
Middle
expenditure
quintile 0.545***  0.574**  -0.424*** -0.454** -0.166 -0.164 0.18 0.195
Highest
expenditure
quintile 0.682***  0.776**  -0.751*** -0.859*** 0.011 0.02 0.507***  0.554***
Own radio 0.043 0.049 0.103***  0.093** —0.051 -0.05 —-0.024 -0.027
Own television  0.334***  0.439*** -0.664*** -0.814"** -0.195 -0.175 0.273* 0.308**
Access to rural services
Ln(time to
market) —0.242*** -0.245*** 0.330**  0.337***  —-0.094* —0.094* -0.101**  -0.108**
Reside in
urban area 1.584*** 1.635"**  —1.240*** -1.312*** —0.148 -0.136 0.341** 0.367**
Constant -0.908*** -1.033*** 0.377* 0.586***  —0.946* —0.947* —2.264*** —2.436"**

Source: Authors’ calculations.

Note:  *, ** and *** indicates 10%, 5% and 1% significance level, respectively.
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Table 4.9 Drivers of irrigation, Mozambique (N = 5,783)

Variable Structural form probit Reduced form probit
Female-headed household 0.034 0.008
Household size 0.022* 0.021***
Education primary (compare no education) 0.086 0.178***
Education secondary 0.217*** 0.286***
Education postsecondary 1.165** 1.216**
Land medium (compare land poor) 0.310*** 0.319***
Land rich 0.389*** 0.461***
Own livestock 0.072 0.237***
Have cashew nut trees on farm 0.004 —-0.042
Have fruit trees on farm 0.216*** 0.414***
Extension training 0.053 —
Use fertilizers 1.062*** —
Use pesticide 0.492*** —
Use manure 2.191*** —
Constant —2.258*** —2.135***

Source: National Agricultural Survey 2008 (MINAG 2009)
Note: *, ** and *** indicates 10%, 5% and 1% significance level, respectively.

In the above analyses of the use of and the drivers of the adoption of FEW technologies, we
observe large differences between Malawi and Mozambique. While other factors could explain these
between two neighboring countries, a strong influence of national-level policies on farmer behavior is
likely. This is supported by the findings that farmers in Malawi are more likely to use fertilizer and
less likely to use irrigation compared with farmers in Mozambique. To support this hypothesis, an
investigation on the impacts of national-level policies on farmer behavior using more rigorous data is
needed. The findings, however, also highlight that despite strong public and private investment in
ICSs, woodfuel remains the major source of energy in Malawi. This may stem from lagged impacts of
the ICS and other weaknesses in the commercialization of ICS programs. These hypotheses too
deserve a more rigorous analysis. Common characteristics across the two countries could result from
similar policy features. For example, the use of organic inputs is low in both countries, reflecting the
limited capacity of extension service providers to provide integrated soil fertility management (ISFM)
practices. Another future research topic with policy relevance is to examine the perception of farmers
on a hypothetical conditional fertilizer subsidy, which could help promote the adoption of ISFM. The
drivers of adoption also provide guidance on the way to conduct our study.
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5. CONCLUSIONS

The FEW nexus can allow stakeholders to discuss, draft, adopt, and analyze policies that impact food,
energy, and water security at the micro- and macrolevels. Thus far, a clear definition of the FEW
nexus has been missing from the discussion. We proposed that the FEW nexus be defined as
encompassing synergies and trade-offs between food, energy, and water security that are impacted by
endogenous and exogenous drivers and cannot be captured if these sectors are analyzed in isolation.
Moreover, we specified that a nexus intervention must impact all three components of the nexus and
at least one impact must be direct. Although policies that have been created and analyzed as FEW
nexus interventions are rare, many examples of interventions aiming at improving food, energy, or
water security can be deemed FEW nexus interventions given their direct and indirect impacts on
food, energy, or water security. For example, the review of nexus interventions in Section 2 showed
that both Malawi and Mozambique have implemented several nexus interventions during the past few
decades. Although none have been analyzed within the nexus framework thus far, the existing
evidence illustrates the trade-offs and synergies in terms of food, water, and energy security at the
macro- and microlevels that these interventions have already entailed. Since these effects were often
not taken into account when the policies were introduced, evidence on the effects of FISP,
hydroenergy, the Green Belt Initiative, biofuels, and agroforestry projects in Malawi and Mozambique
emphasize the need to examine both countries’ policies from a nexus perspective. This would allow
the identification of interventions that minimize trade-offs and maximize synergies among food,
water, and energy security.

Both macro- and microlevel analyses are critical for analyzing and simulating actual and
potential impacts of nexus interventions and their effect on different segments of society. Methods to
analyze FEW nexus interventions from a macro and micro perspective were described in Sections 3
and 4, respectively. While some existing partial equilibrium models can be used to analyze parts of
the nexus in detail, general equilibrium models are able to take all linkages and resource constraints
within an economy into account by capturing the complete circular flow of income. Through the
combination of microeconomic behavioral assumptions as well as macroeconomic closures, CGE
models are able to simulate policy effects on both the macro- and microlevels of economic activity
and evaluate respective trade-offs and synergies. Although the measurement of food, water, and
energy security at the macro- and microlevels in developing countries entails difficulties due to
informal or nonexisting markets, the combination of CGE with ecological models is able to remedy
these problems and is an appropriate framework to analyze the complex effects of nexus interventions
on the nexus itself as well as the whole economy. While it is important to keep in mind that
simulation models cannot make predictions about actual events, they can improve policymaking by
increasing the understanding of potential policy effects. The end of Section 3 contained an application
of a macrolevel analysis of a nexus intervention, namely, small-scale irrigation. As for a microlevel
analysis, quantitative and qualitative methods can be applied to assess nexus interventions. Caution
should be taken to avoid aggregation issues, and targeting should be carefully planned. Results should
be examined with a gender perspective, and outcome variables must be carefully selected. Similar to a
macrolevel analysis, challenges arise in evaluating nexus intervention effects and trade-offs at the
household level. The end of Section 4 contained a microlevel FEW nexus analysis of secondary data
from Malawi and Mozambique. Given the data constraints faced in these analyses conducted thus far,
we emphasize the need for better quality and more comprehensive data on food, energy, and water
securities, so that a more thorough analysis of FEW nexus interventions can be conducted.

As researchers and policymakers change their perspectives to see the interconnectedness of
development issues, the nexus approach will become more common. Ideally, such a paradigm shift
will lead to regional collaboration on nexus interventions to better manage natural resources and
improve livelihoods. Stakeholders need to be aware of and face collective action problems and
constraints to multidisciplinary collaboration head on, however, for the nexus approach to succeed.
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