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Chapter 1

1.1 Background

“Farmers in northern Katsina are well aware thatdhys of shifting cultivation have
long since disappeared”, observed Luning (1963thenearly 1960s. For how long
exactly is further illustrated by Watts (1983), whates that population density in the
early 18" century in the Kano emirate, neighbouring Katsimast in some parts have
been close to 115 inhabitants per square kilomBtyehen, these areas were already
characterized by continuous farming systems, withf@liowing. Fallowing, or
shifting cultivation, is a practice in which a fieis not cultivated for some years to
restore its fertility level naturally. Neverthelessven with such high population
densities, farmers were able to sustain produdgeels through the application of
considerable amounts of manure, crop rotation andfercropping (Watts, 1983).
Currently, these same techniques are advocatedeamost important strategies to
maintain indigenous soil fertility levels. Hencéetmethods used by pre-colonial
farmers to maintain soil fertility were not veryffdrent from the ones observed today.

In response to the diminishing possibilities ofimening soil fertility through
fallowing, smallholder farmers respond in differevdays. Both on-farm and off-farm
strategies to cope with reduced farm size, lowérfaudility and production levels, are
well documented. On-farm strategies aimed at miaimiga soil fertility levels include,
amongst others, crop-livestock integration, crofatron, increased use of inorganic
fertilizer, and the creation of fertility hotspots; their combination. Crop-livestock
integration entails the feeding of crop residuesamimals for the production and
subsequent application of organic fertilizer, amd process is viewed as a first step in
stepping up intensification as a result of popolatgrowth (Mcintireet al, 1992).
Improved systems of crop rotation, whereby ceraadsrotated with nitrogen-fixing
legumes, could further provide high-quality feed liwestock (e.g., Sanginget al,
2003). Furthermore, farmers well integrated intakats opt to increase the use of
inorganic fertilizer, whereby in some cases inorgéertilizer completely replaces the
use of organic manure (Abdoulaye and Lowenberg-[2eB2000). Finally, farmers
are known to maintain fertility ‘hotspots’ on thefarm, either by intensive
fertilization of a particular field, or by shiftinthe homestead after several years with
the associated application of domestic waste, huamananimal faeces (e.g., Gandah
et al, 2003; Voortmaret al, 2004; Roweet al, 2006).

14



Introduction

At the same time, many farmers can no longer so&iyon farming as their principal
source of income due to reduced average farm s@@@ersify into off-farm income
sources such as petty trading, food processingl lmanufacturing jobs, or migrate
(seasonally) to large urban areas in search ofdeanyjobs (e.g., Ellis, 2000). Hence,
the coping strategies in the wake of increased latipn pressure are manifold, and
the rural population in the savannah regions intWésca, as in many other parts of
Sub-Saharan Africa, is far from homogenous. In thesis, three types of frequently
unobserved heterogeneity are explored in furth&ilde

First, as argued, one farmer may differ from hisfighbour in its livelihood
strategy, as expressed through differences in crggsvn, inputs used and
engagement in off-farm activities. As will be shosurch differences in strategies are
likely to be a result of -largely unobserved- hetgmeity in goals and preferences, in
addition to other, directly observable, differengesousehold characteristics. Second,
differences in past cropping strategies and fommgpta the maintenance of one or
more fertility hotspots, has given rise to heterasy in land and farm. Third,
livestock plays a crucial role in maintaining sfaittility levels, but also serves as an
important insurance and wealth storage mechani$m.rélative preferences for such
non-productive roles of livestock may vary amongudeholds and relate to
differences in livestock and other household assets

Clearly, many of these types of observed and umgeedeheterogeneity are
related, but have so far received only limited rdttan in agricultural research. In
conventional farm household modelling approacheshabioural homogeneity is
frequently assumed. Furthermore, applied produgtstudies as a rule include basic
household characteristics to capture farmer gtladgjgh it is not clear whether such
characteristics adequately capture heterogeneigpats and objectives. Furthermore,
agricultural productivity analyses of smallholdarrhs usually assume homogenous
field quality, an assumption ill-conditioned in wieof a large body of research
describing within-field solil fertility differenceg.g., De Riddeet al, 2004; Titonell
et al, 2008).

The aim of the research presented in this thesgs@gzamine in more detail the
consequences of ignoring these types of heterayengiis analysed how such
heterogeneity can better explain observed farmbeweur, and how such insights
can assist researchers and policy-makers in pramdtie sustainable use of soil

resources.

15



Chapter 1

The remainder of this chapter is organised as vi@loFirst, in Section 1.2 an

overview is given of how agricultural research addes soil fertility replenishment in

the savannah regions. At the same time, it is arguewv and why the above-

mentioned types of heterogeneity are importante8am this discussion, the main
research questions are further elaborated in $ett® and the structure of this study
is presented in further detail. In Section 1.4paarview is given of the various data
sources used throughout this document. Finallysention 1.5 the major methods of
analysis deployed in this thesis are discussed.

1.2 Population growth, intensification and agriculural research

Luning (1963) made his observation on the nearraigsef fallowing in Katsina State,
Northern Nigeria, based on an agro-ecological suoasried out for FAO in 1960.
This survey was, coincidentally, partly done in g@@ne locations analysed in this
study. Table 1.1 provides a comparison of key attarestics observed both in the
FAO survey in 1960 and the surveys used in thisishén the 1960s, keeping fields
fallow was almost non-existent in one location (@wa), while it was already at
very low levels in other locations. In Mashi, fallaccounted for 12 to 22 percent of
total farm size.

The data in Table 1.1 illustrate the steady popmragrowth in Bindawa and
around Mashi over the past decades, as in many atéas in the savannah regions in
West Africa. In both locations population densityutled. As expected this increase
in population has led to a considerable reductiomper capita farmland in around
Mashi district, from 0.86 ha in 1960 to 0.28 in Z00

Rather surprisingly, actual farm size per capita hat declined in all areas
over the past 45 years. In Bindawa, for example,niost heavily populated area at
the time of the survey in 1960, actual farm sizegapita increased. While this could
largely be attributable to measurement errors etdfsize, it may also suggest that
marginal lands and communal grazing lands have lbeeanght under continuous
cultivation since then.

The growth in population, and the consequent reoluan available arable
land per capita, has widespread implications fadfproduction in the West African

16



Introduction

savannah regions. Most importantly, with naturgjereeration methods to maintain

soil fertility such as fallowing no longer feasiptgop yields are likely to drop.

Table 1.1: Comparison of historical average characteristics of villages in Katsina,
Nigeria.

Area’ Year® Populaton Household Farm Farm Fallow® Cereal  Groundn
densitgs size (#) size  size (%) yield® ut yield®
(# km™) (ha)  per (kg ha™) (kg ha™)
capit
a
(ha)
Bindawa | 1960 119 6.50 2.44 038 2-3 588 420
2007 210-250 8.05 3.66 045 O 546 487
Mashi / 1960 66 7.00 6.00 0.86 12-22 354 253
Kaita 2007 140-170 5.21 1.47 028 O 536 280

" Denotes the official Local Government Area (LGA) in which the survey was carried out. The
data for Bindawa were however collected in neighbouring hamlets within the same LGA.
Mashi and Kaita are neighbouring LGA'’s in the extreme north of Katsina state (see also
Figure 1.1);

2 All figures for 1960 are based on the data provided by Luning (1963); all figures for 2007 are
based on the data collected for this thesis (see also Section 1.3);

8 Population density in 2007 is based on data from the IITA GIS-Lab (pers. comm.);

* Fallow is expressed as the percentage of fields left fallow of the total farm size surveyed,;

® Yield figures of 2007 reflect total production obtained from a typical intercropped millet-
groundnut field of 1 hectare. Luning (1963) provides average yield data in the region for pure
stands. Without further information on the exact nature of intercropping practices, the
assumption is made that cereals and groundnut each cover 50% of a hectare.

The data on crop yields provided by Luning (196@),addition to the villages
presented in Table 1.1, suggest average cereal gids in the region of around
500-600 kg/ha, while (unshelled) groundnut yieldpraximate 400-500 kg/ha. In the
surveys carried out in this research, crop yietdan intercropped system with millet
and groundnut are largely similar in Bindawa. Samy, the crop yields observed in
Kaita, in the research presented in this thesis, sightly higher than the ones
observed in 1960 in nearby Mashi. At first sighgde figures do not seem to suggest
a drop in yields over time. However, they cannotcbenpared realistically without
accounting for a multitude of additional factorglsas input use.

In fact, many researchers suggest that crop yiéldge been steadily
decreasing over time (e.g., Watts, 1983), but therdittle historical on-farm
production data to sustain these claims. In a cehgmsive socio-economic and
historical study in northern Nigeria, Watts (198&®)esses that yield estimates in the
colonial era, and shortly thereafter, are pronatge measurement errors, while both
temporal and spatial fluctuations in weather gyeatfluence differences between

observations. Similarly, Luning (1963) expressetbsis concern about the reliability
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Chapter 1

of his field size and yield estimates, while theaswwements of field sizes in the
current research are also likely to suffer fromhserors (see also Section 1.4).
Given the difficulties in identifying yield declin@ an on-farm setting, most
of the current evidence on declining yields comemiffield trials at research stations.
Vanlauwe et al. (2005) describe a long-term field trial implemehtby the
International Institute of Tropical Agriculture TIA) in southwestern Nigeria, and
discuss how maize yields drop considerably in 1&-yeontinuous cultivation.
Nziguhebeaet al. (2009), also describing this trial and other Iaagn trials in Nigeria
and Benin, illustrate how this decline is attrithléato depletion of macronutrients
such as nitrogen (N) and phosphorus (P), but isargly as well to depletion of
micronutrients such as magnesium (Mg). This co@dhe result of an increased use
of inorganic fertilizers, that contain macro- budt micronutrients, accelarating the

depletion of the total stock of micronutrients.

As becomes clear, many farmers are facing a des¢ing agricultural production
environment, and given the large share of Africatgpulation that depends on
agriculture, this has a severe impact on povenglée Hence, in the wake of rising
food and fuel prices in 2008, the key role of agjticre in Africa’s development has
gained new momentum (e.g., World Bank, 2008). Giwbe large share of
smallholders employed in agriculture, increasingdpictivity is expected to be a
strong driver of economic growth and/or poverty ugttbn, an argument that is
sustained by empirical evidence (Christiaensteal, 2006).

To support the design of effective policies andhitetogies to revert soil
fertility decline, scientists from both social abidphysical sciences jointly developed
so-called bio-economic models. Such simulation rnwdes mostly used fagx ante
impact analysis, and are combinations of mathemilapcogramming based farm
household models (e.g., Hazell and Norton, 1986) arodels from biophysical
sciences describing soil fertility dynamics andnplgrowth. These models have been
used for different purposes in various Africanisgtt including the savannah regions
of West Africa (e.g., Sissoko, 1998; Kruseman, 3000

The general consensus from many of these studiethats technology
improvements alone cannot revert soil fertility ldes but that site-specific
modifications of institutions, policies and techogiks are required (e.g., Rubetal,

2001). Effective policies include both policies aunat reducing (input) market
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Introduction

imperfections, as well as policies aimed at pronwindividual property rights of
land. The latter policy type is said to explain mmwé the recent regeneration of soils
in Niger (World Bank, 2008, Ch.8).

Many of the studies applying bio-economic model&enase of the concept of
nutrient budgets. In these studies, either a faousehold production simulation
model is combined with nutrient budgets, or nutriemdgets are calculated based on
observed input and output quantities. Many of th&selies show that simulated or
observed nutrient budgets are negative, and gstiitielevels are expected to decline
over time (e.g., De Riddet al, 2004).

Nevertheless, the use of such models is subjexrittoism. First, as argued by
De Ridderet al (2004), many of the models assume farm land uad be
homogenous, while a number of studies (e.g., Gaatlah, 2003; Roweet al, 2006;
Titonell, 2007) show considerable within-farm orthim-plot heterogeneity. These
differences usually are the result of selectiveliapppon of organic and/or inorganic
fertilizer by farmers to specific plots, i.e., teowhere the marginal productivity of
application is highest. As a result, the simulatattient budgets are on-farm averages
and may not be very accurate when compared toldetmaer strategies. On the other
hand, such models still offer the possibility tqkxe the effect of new technologies
and policies, in particular the (direction of thesffect on soil nutrient budgets. Hence,
even though simulated budgets at plot-level mayhotd in detail, the researcher may
still learn whether a specific policy or technologguces a farmer to use soils more
sustainably.

A more important concern, however, is the rouglmaccurate representation
of farmer behaviour. The linear-programming modelgjch commonly are at the
base of such bio-economic models, are known toebsitive to the specification of
the criterion function. If there exists consideehkterogeneity in the objectives and
goals that farmers pursue, this should be accyraetounted for in the criterion
function. Otherwise the outcomes of the simulatiwodels are likely to be inaccurate.
Therefore, in Chapters 2 and 3 we map heterogemneigoals and objectives, and

demonstrate how this affects production decisiengell as nutrient budgets.

At the same time, a number of studies have seteterighine gaps between actual
output levels and potential output levels, i.e.efficiencies, by applying both

parametric (Stochastic Frontier Analysis) and nargmetric (Data Envelopment
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Chapter 1

Analysis) methods. The motivation of such studieghiat the identification of the
determinants of inefficiency can be used to devglolficies to abate them, thereby
increasing farm outputs without increasing inputeally. For example, Alene and
Manyong (2006) show how inefficieny can be expldifimm differential access to
extension methods. Okiket al (2001) identify determinants that lead farmers to
integrate crops and livestock to a higher degrdeeyTalso show that manure
significantly improves economic efficiency, withouturther unbundling the
relationship between supply of manure and livestmghkership.

But, as mentioned before, the presence of witiglt-isoil fertility differences
is well documented and such differences are likelgxplain a considerable part of
the variation in production. The most common apghodo account for such
heterogeneity in efficiency studies is to includeaaable reflecting perceived (by the
farmer or researcher) levels of soil fertility (¢.Barrettet al, 2008). But even such a
correction is applied in surprisingly few studiés.fact, it may not be unlikely that
part of the levels of inefficiency can be attriblite such heterogeneity in soil fertility
directly.

Similar to the concern raised on the validity ab-bconomic simulation
models, farmers’ production decisions are a direstlt of their individual goals and
preferences. Hence, differences in market oriesratisk aversion and environmental
concerns may largely explain differences in efficig levels. Although a few studies
document such differences among farms in Europgenoudture (e.g., Ondersteijet
al., 2003), it is not known whether heterogeneity aalg and objectives plays a large
role in smallholder agriculture in Africa.

Both the omission of information on soil fertilitgnd farmer goals and
objectives may induce omitted-variable bias in suefficiency estimations.
Consequently, the parameters estimated, includiadevels of efficiency, are likely

to be biased. Both these aspects are further athlgChapters 2 and 4.

Finally, much of the current agricultural reseafdguses on improving the soil
fertility base by improving the processes of crimedtock integration. A main
component of this integration is the feeding oé&tock with crop residues, both low-
guality cereal straws and high-quality legume nesgd The resulting manure can then
be applied to the arable land of the farm. As #sailts of Okikeet al (2001) suggest,

application of manure significantly improves levelsfarmer efficiency. In fact, as
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mentioned in Section 1.1, it is likely that cropdstock integration already occurred
in the densely populated areas around Kano in glan@l times, and mixed farming

has played an important role for a long time. Terave the efficiency of the crop-

livestock integrated system, the colonial governisiean West Africa introduced

bullocks into the local farming systems, whose drayower improved production

efficiency (Sumberg, 1998). Moreover, when theskobks were kept in confined

spaces, this would also concentrate manure pramucfor these purposes the
colonial administrators in northern Nigeria gavdldiks on loan to medium-sized
farmers since 1928 (Luning, 1963).

Ever since, agricultural research has focused amhdu improving the
efficiency at which nutrients are being recycledsuth mixed or integrated systems.
Plant breeders have set aims to develop high-yigldual-purpose crop varieties, for
example cowpea, providing both good grain and foddelds (e.g., Singfet al,
2003). Soil scientists have focused on further weltimg the relationships between
crop yields and the various components making op fertility’, as well as on the
development of no-till farming systems. (Systemgyoaomists have aimed at
identifying more efficient combinations of cereasd legumes in intercropped
systems (e.g., Singh and Ajeigbe, 2002), keepingiimd the dietary needs of both
human and animal populations.

As implicitly recognized by the colonial adminigtoa, which only distributed
bullocks to the wealthier households, mixed farmisgnot likely to be an efficient
practice for all household types. Some recent aogbiquantitative studies have set
out to identify factors leading farmers to integratrops and livestock to different
degrees (Okikest al, 2001, Manyonget al, 2007), but these have so far not been
very conclusive. Furthermore, the effectivenessrop-livestock integration does not
seem to be constant across different types of faRuaBno (2008) shows that nutrient
losses in manure production are largest amongst pth@est groups of farm
households. Although technical interventions cordduce these losses, the poorest
are not likely to be able to make the necessargstments.

Furthermore, the main objectives of keeping livektoand their relative
importance, may differ across households. As intced in Bosman «l. (1997), and
later applied by Moll (2005), households derivditytirom keeping livestock through
both tangible and non-tangible benefits. The fuaiegory includes components such

as dairy, meat and manure production. The secotej@y includes components
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related to variables that measure insurance, stéamiginancing benefits derived from
keeping livestock. In the absence of formal finah@ervices, these non-tangible
benefits may play a relatively important role.

So far, no study has analysed how these non-tanbsahefits affect observed
levels of crop-livestock integration. Such an as@lys carried out in Chapter 5, and
also sheds light on the reasons for the low adoptites of many interventions aimed

at improving the nutritional status and producyiwf livestock (e.g., Sumberg, 2002).

1.3 Research aims

The aim of this thesis is to examine in detail ¢htgpes of heterogeneity discussed
above, i.e., heterogeneity in goals and objectiieserogeneity in soil fertility, and
heterogeneity in crop-livestock integration. Hetgnoeity is thereby analysed in
relation to differences in household charactesssiod farming strategies for the three
types distinguished.

First, bio-economic models assume farmers to beolgemous in goals and
preferences in their underlying utility functionhile there is no clear reason for such
an argument to hold. Rather surprisingly, hetereggnin farmers’ goals and
strategies has received only limited attention hie tise of bio-economic models.
Similarly it has not received frequent attention time analyses of smallholder
productivity.

Second, most studies focusing on productivity affidiency in agricultural
production assume farms to be homogenous with cegpeits soil qualities, an
assumption refuted by numerous field studies (€itpnell, 2008).

Third, livestock clearly plays an important role froduction of manure, but
this production is not the only reason for housdbdbd keep livestock. In fact, several
other benefits, such as insurance, play a role. réfaive importance of different
goals for keeping livestock may vary among housghajyiving rise to differences in

the degree to which a farmer integrates crops iaedtbck.
The implication of accounting for, or ignoring, theeterogeneity in goals and

preferences of farmers is the subject of researc@hapters 2 and 3 of this thesis,

albeit from different angles. In Chapter 2, diffieces in smallholder goals and
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preferences are analysed in a context of efficiemeasures. First, such goals and
preferences are quantified and related to housedt@dacteristics. Subsequently it is
analysed whether such information gives a bettptagation of observed differences
in smallholder efficiency. Differences are then @amed, using an analysis in which
household characteristics are assumed to fullyribestarmers’ goals and preferences.

In Chapter 3, a different method is used to idgrdifferences in farmer goals
and preferences from observed production datagudmti-Attribute Utility Theory
(MAUT). Based on this method, we directly includee tidentified goals and
preferences in a bio-economic model, and analysethey affect efficient levels of
soil fertility mining and replenishment through pesting soil nutrient balances.

The effects of not accounting for soil fertilityfidirences in a productivity
study are explored in more detail in Chapter 4. [&/there is considerable evidence
of between-plot heterogeneity in soil fertility b8, the costs of carrying out a
detailed soil analysis at multiple plots and fafmrsa detailed productivity study are
generally prohibitive. Therefore, a number of pesxibased on farm-level survey data,
to capture such differences in soll fertility amdposed and tested in Chapter 4. The
implications of omitting such proxies for efficignand productivity estimations are
analysed and compared for sorghum and maize.

In Chapter 5, a novel method to estimate (the enpd differences in non-
tangible benefits of keeping livestock is proposadd implemented. Clearly,
differences in livestock holdings resulting fronffeliences in non-tangible benefits
will influence the level to which a farmer integeatcrops and livestock. The analysis
is seen in the light of emerging new cash croptpes in the savannah region, and
further identifies which crops benefit from avaiimanure.

Summarizing, the aims of the research presentethenfive subsequent

chapters in the remainder of this thesis are:

* Chapter 2: To quantify the degree to which smatlbd differ in goals and
objectives and such differences influence farncifficy measures;

 Chapter 3: To determine the trade-offs between rapb production
attributes farmers face; to quantify the degreewtoch farmers differ in
heterogeneous production strategies, and to deterhuw such heterogeneity

affects soil nutrient balances;
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* Chapter 4: To identify how to account for heteraggnin soil resources
effectively and to determine how the inclusion otls information affects
efficiency estimates for maize and sorghum;

* Chapter 5: To introduce a method to quantify nomgiale benefits of keeping
livestock and to determine how differences in sumnefits relate to

differences in manure use and cropping patterns.

Chapter 6 discusses the results of the precediapterts, the limitations of this study
and also identifies further points of researchsTdiscussion deals with three subjects.
First the research in this study demonstrates miy@itance of including farmers’
objectives in both an efficiency analysis and iplegations of bio-economic models.
In the efficiency analysis in Chapter 2, two valés next to risk aversion, measuring
farmers’ goals and objectives influence producti@tisions. Moreover, production
attributes such as risk aversion and sustainaldiftgrentially affect nutrient budgets.
Furthermore, it is analysed how goals and objesttan be measured in more detail.
Based on the observed sensitivity of farm househwdels to the specification of the
criterion function, reflecting farmers’ goals andjectives, recommendations are
made to improve the accuracy of such simulationeteodrinally, the implications for
promoting and/or enhancing sustainable use ofresidurces are discussed in detail.
The results in this study suggest that the leadtwed farmers, characterized by high
levels of risk aversion, do not enter the marketshigh-value crops and use small
amounts of inputs. It is discussed if and how peéi@and technologies can benefit this
group of farmers, thereby increasing production gedsustainability of soil resource

use.

1.4 Data collection and location

1.4.1 Surveys

The specific research aims and questions as odtlimethe previous sections are

addressed in the savannah regions of northern idjgam the basis of four data sets.
Table 1.2 provides a detailed overview of the exaxttents of these data sets and

where they were collected.
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The choice of this region follows from the employmeof the author at the
International Institute of Tropical Agriculture TIA) in Kano, northern Nigeria. In
this position, one detailed socio-economic datanset readily available for analysis
(Survey S1, Table 1.2). This initial socio-econonsarvey was subsequently
complemented with a number of surveys carried etwben 2004 and 2007.

Survey S1 was complemented with a detailed labeardata set S2, with the
objective to quantify labour requirements for vagacrops. Both these data sets are
used to calibrate the farm household model thaséx in both Chapters 3 and 5 (see
also Sub-Section 1.5.1). Also the data containedInare used in the analysis
presented in Chapter 4.

Additional data were collected throughout the piog season of 2006 in 7
villages, comprising a total of 230 households,the region of study. This data
collection contains a detailed description of prithn practices (Survey S3) as well
as an estimation of differences in farmers’ goald abjectives for the same 230

households (Survey S4). Both data sets are ustgteianalyses in Chapters 2 and 5.

The advantages and limitations of the surveysitit gjoals and preferences, S4, are
discussed in detail in Chapter 2. As discussedmedonumber of potential sources of

measurement errors were encountered during themmeitation of the other surveys.

Table 1.2: Description of data sets used

Survey ‘Cash’ - baseline Labour use Production data Goals,
description survey survey objectives,
beliefs and
preferences
Survey code | S1 S2 S3 S4
Year of 2002 2005 2006 2006
survey
Sample size | 120 households 12 households; 230 households; 230
87 plots 951 plots households
Villages in Ikuzeh; Ikuzeh; Ikuzeh; Ikuzeh;
which data Hayin Dogo; Hayin Dogo; Hayin Dogo; Kiru; Hayin Dogo;
were Danayamaka Danayamaka Warawa; Kiru;
collected Kunchi; Warawa;
Bindawa; Kunchi;
Kaita Bindawa;
Kaita
Type of data | Production data; Labour input use; Production data; Fuzzy
collected household detailed field size  household pairwise goal
characteristics; measurements characteristics; ranking;
asset and livestock asset and livestock  Likert-type
holdings; holdings; guestions
detailed field
measurements;
access to loans
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First, throughout this research, unless statedreaibe, we use estimates of field sizes
as stated by the farmer. Nevertheless, these datd be prone to measurement errors,
since actual measurement of all plots was not Wéasfor financial reasons.
Furthermore, farmers appear not familiar with comiypaised units of area such as
hectares or acres. Farmers were therefore askexptess the size of fields owned in
units of football fields, equal to one acre.

Subsequently, to obtain accurate information oodaluse per unit of land, all
87 plots in S2 were measured with a measuring plly, a random sample of
fields in S3 was measured with a handheld Globaitidaing System (GPS). The
measurement with a GPS is most accurate for Igutpgs, since the inaccuracy is
relatively smaller. Comparison between these measemts and stated field sizes
suggests that farmers are relatively well ablestomreate the area of small plots (less
than 1 hectare), but tend to overestimate thedieeir larger plots.

In addition, in all locations data were collectedarcess to loans, and sizes of
loans taken. Obtaining accurate information on rfai@ aspects is notoriously
difficult in rural areas in Sub-Saharan Africa (9Sand in the surveys carried out for
this research the situation was not different. €hdsta have therefore not been used
further due to their inherent unreliability.

Finally, data collection in northern Nigeria in@abty suffers from some
degree of sexist bias (Watts, 1983). Access td raearied women was out of reach
for a male researcher and his male assistantshdfarbre, only in Bindawa,
households headed by women, more specifically wilomere encountered. While
rural married women do own fields in some casesy tio not commonly cultivate
these fields themselves. Therefore, in all calootat carried out, only fields, which

are owned by the household head, have been tateoadnsideration

1.4.2 Locations

The choice of the villages initially was based oe tvailability of data in IITA-
projects in Kaduna State, as mentioned above, nticper two projects, i.e.,
‘Balanced Nutrient Management Systems’ (BNMS) a@dreal and legume systems
for higher farmer income, health and improved systsustainability’ (CASH).
Baseline data collected for these projects in Kad8tate are used in this thesis. In
addition, data were collected to obtain a bettgrasentation of the diversity in

production practices across the region (Surveyarisi3S4).
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The cultivation of cereal and legumes is dominanthie region, whereby drought-
resistant millet is cultivated in the driest paw#ile sorghum and maize are grown in
those parts with higher levels and more stableepat of rainfall. Traditionally,
cereals are intercropped with groundnuts, the majgoort crop of Nigeria in the
colonial era. While the large-scale export of gmnuts no longer exists, the domestic
processing of groundnuts and subsequent salesgldehousehold members, as well
as the nutrient-rich groundnut-fodder for livestostll makes it an important crop for
many households. At the same time, cowpea and aayde playing an increasingly
important role in such intercropped systems.

Cowpea, or black-eyed pea, is a major food cropuiinout West Africa.
While cultivation mainly takes place in the savamnaegions, consumption is
significant throughout the coastal and equatoaegdt regions. Due to its location, the
grain market in Kano, in terms of volume the latgesAfrica, plays a central role in
cowpea trade between large producer areas sucigas Nlali and northern Nigeria
on one hand, and large concentrations of consummerdaces such as southern
Nigeria, Cameroon and Gabon on the other hand (Id@04). Hence, while many
farmers grow cowpea as a food crop, many alsgpsellof their production. Finally,
soybean is mainly intercropped, but sometimes aisie cropped in the wetter
savannah regions, mainly found in Kaduna State.

In addition to cereals and legumes, many other siaqg cultivated in the
region of study. Throughout this thesis we classigny of these crops as high-value
crops. This category contains vegetables such raattes, cabbage, pepper, garden
egg, of which the mainstay of production is dirgctiarketed.

Next to cereals, legumes and high-value crops, nfi@amgers grow roots and
tuber crops. First, cassava has traditionally lggemvn in the savannah regions, even
in the driest parts. But also sweet potatoes anghwan, or Irish potatoes are widely
cultivated. Again, much of the production of theseps is consumed in the household,
but a substantial proportion is marketed as well.

Especially in riverbed or fadama fields, cultivatiof sugarcane and rice is
common, while rice cultivation also occurs at upldields. Also many vegetables are
cultivated in such fadamas. Finally, cotton produciplays a role in some locations,
though with the demise of the cotton-processingistiy in Kaduna and Kano, only

few farmers still cultivate this crop.
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The exact combination of crops a farmer choose®riip on his preferences, his
specific trade-offs, local solil fertility conditisrand possibly varying degrees of non-
tangible benefits in keeping livestock, which allesabject of research in this thesis.
Naturally, crop choice also depends on the prodocpotential in each location.
Table 1.3 presents a detailed overview of the nagmo-ecological characteristics of
each location, in addition to the exact names kdges and Local Government Areas
(LGA'S).

Nigeria is a federal country, divided in 36 stateswhich research for this
study was carried out in three, i.e., Kaduna, Kand Katsina. Population density in
these states is amongst the highest in West Affiba.Nigerian population census in
2006 puts the total population in Kaduna, Kano Katsina at 6.1, 9.3 and 5.8 million
inhabitants, respectively and their population derssat 132, 466 and 239 inhabitants
per knf respectively (NBS, 2009).

Each state is subdivided into Local Government &r@aGA’s), the lowest
formal level of governance. The exact names ofuiiages and LGA’s in which
surveys are carried out are given in Table 1.3addition, Figure 1.1 provides an
overview of the locations in which surveys were dwcted, indicating their distance
to markets and the agro-ecological zone in whiely #re located.

The first visits to the survey locations, in pantar the locations in surveys S3
and S4, were made together with a representatiibeofAgricultural Development
Program (ADP) of each state. The representativallysonade contact with the local
ADP-officer, housed in each of the LGA’s. Togethéih these ADP-staff members a
first visit to each village head was made to expthe purpose of the research in more
detail. After the village head agreed to his coapen in this research, an
appointment was made with village elders to draw aughousehold list. Farm
households were sampled randomly from the houselsildby using the random
number generator in Microsoft Excel. Each sampleduskhold head was
subsequently explained the purpose of the resemndhasked if he was willing to
participate. All selected households agreed tordusiest.

Households were not paid in any kind for partidipgtin this research. That
said, two household heads died in the course &f tbsearch and both families
received a bag of cowpea as a condolence gift. Botiseholds were not further

included in the analysis. Finally, at the end @& thsearch, all households from Kano
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that participated in the research were invitedttena a field visit at the IITA research

farm in Kano State.

Table 1.3: Main agro-ecological characteristics of the surveyed locations

Village name Local State Agro- Length Mean Soil Population
Government ecologic  growing annual  classification® densitzy
Area al zone'  period®  rainfall® # km?)?
Ikuzeh Chikun Kaduna SGS/ 159 1230 Ferric
NGS Lixisols
Hayin Dogo Giwa Kaduna NGS 148 1081 Haplic 140 -170
Luvisols
Danayamaka | Makarfi Kaduna NGS 149 1008 Haplic 170- 210
Lixisols
Ba’'awa Kiru Kano NGS/ 140 921 Eutric 170- 210
SS Cambisols
Warawa Warawa Kano SS 130 753 Haplic 570 - 980
Arenosols
Sauta Kunchi Kano SS 102 669 Luvic 120 - 140
Janbuge arenols
Shibdawa Bindawa Katsina SS 107 662 Luvic 210 - 250
arenols
Babban Kaita Katsina SS/ 92 535 Luvic 140- 170
Ruga Sahel arenols

" Southern Guinea Savannah (SGS), Northern Guinea Savannah (NGS), Soudan Savannah
SSS), Sahel Savannah

lITA-GIS Laboratory (pers. comm.)
*IITA-GIS Laboratory (pers. comm.), based on the classification by Sonneveld (2005)

Furthermore, at various points throughout this aesde use is made of secondary data
on historical crop yields, as well as rural andamrinarket prices since the late 1990s.
These data are kindly provided by the regionalcadjural development programs in
Kaduna state (KADP), Kano State (KNARDA) and Kats8tate (KTARDA). Finally,
use is made of additional research findings praVvidg agronomical field research
carried out by (former) IITA-scientists in this reg for a large number of years (i.e.,
Vanlauweet al, 2001; Sangingat al, 2003; Nwokeet al, 2004; Nziguhebat al,
2009).
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1.5 Methods of analysis

Different methods of quantitative analysis, bothapaetric and non-parametric are
used in this thesis. In each chapter a justificafior the use of each method, in
relation to the specific research questions, igmiin this section, a brief overview of
the major methods used is provided.

The analyses presented in Chapters 3 and 5 arel lmeséarm household
modelling. A basic overview of the functioning afch a model is provided in Sub-
Section 1.5.1, while a full mathematical descriptioncluding a detailed description
of the parameters and data sources, is providégpendix B.

Furthermore, in Chapters 2 and 4 estimates of faetffieiency levels are used.
In Sub-section 1.5.2 a description is given of hefficiency is estimated. At various
points throughout this research use is made oessgyn analysis, the details of which

are described in each chapter.

1.5.1 Farm household modelling
The developed bio-economic model is used in Chaptév identify the effect of
variations in farm household behaviour on soil iemir balances. The same model is
used in Chapter 5 to explore efficient levels afpelivestock integration at different
levels of land and labour availability, and varyiggrees of non-tangible benefits of
keeping livestock. In the latter chapter the modelextended with a module
describing potential herd size and livestock weighanges, as described in more
detail in Section 5.3.

Bio-economic models are an integration of classiaaih household models
(e.g., Schweigman, 1985; Hazell and Norton, 1988) hiophysical models from
agronomy and soil science (e.g., van Keulen andfW&I86). They are powerful
tools for simulating farming in its complex enviraent, and folex anteassessment
of new technologies and policies, and have beehespin various regions for various
purposes (see Heerimk al, 2001 for a comprehensive overview). The ratiomsl®
incorporate the level of soil nutrient mining opkenishment, for one or a few of the
most important nutrients, based on the farm plamseh, as an economic decision.

Then, the yearly overall changes in soil nutrigatks become decision variables in a
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programming-based farm household model, while ceamg the soil nutrient stocks,
dependent on policy and technology change, caretegrdined.

Many applications, including ours, include a balequation, which adds the
changes in soil nutrient stocks to a classic faomskehold model. Removed nutrients
in crop products and applied nutrients in (in)oigdertilizer constitute the basis of
the balance. In our analysis, we include depositgdents through wind and water,
in addition to correcting for gaseous losses ofliadpinorganic fertilizers. This
follows the procedure described by FAO (2004).

The household model determines efficient levelsirgfut use, cropping
patterns, and consumption and marketing decisierg, (Schweigman, 1985). The
cropping patterns included in the household modelbamsed on (combinations of )
crops grown in the region of study.

We further assume imperfections in output markexpressed in differences
between farm gate and market prices, based on plifterences obtained from
regional governmental organizations. This price doagflects that farmers face
transaction costs in the sales and/or purchasagrwiultural commodities.

We include average monthly off-farm income in thed®l as a parameter,
based on the data collected, as additional incona tan be used either for
purchasing inputs or consumption goods. Henceglasons of simplicity, we assume
off-farm income to be exogenous. Furthermore, thentiMy labour available for
farming is based on the household compositiongected for child and female labour.
The model follows a hierarchical optimisation sture, in which domestic food
needs are included in the constraint set. We assbatdarmers first strive to meet
household necessities such as sufficient stapldsfoadditional food demands (e.g.,
meat, cooking oil, vegetables), and expenses ssatiathing, education costs and
medical care. To incorporate this decision strugtaonstraints are included to ensure
that sufficient energy and proteins are produced/anpurchased to meet annual
demands in the family (based on FAO, 2006). In i a separate constraint
ensures that sufficient cash resources are awvailallery month to meet other

necessary expenses.

1.5.2 Efficiency analyses
In Chapter 2, a non-parametric method, i.e., Dateebpment Analysis (DEA), is

used to determine various efficiency levels. Theiad to use DEA is made because
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of its flexibility to include multiple inputs andutputs, given the relatively large
number of crops grown and inputs used in the regiostudy as well as on farm.
Subsequently, we relate the efficiency levels tthetknces in farmers’ goals and
objectives.

Three different efficiency levels are estimated.e3én are: (1) an output-
oriented measure of technical efficiency; (2) a suea of profit efficiency; and (3) a
measure of food efficiency. The first two measuaes based on the (standard)
procedure as described in, e.g., Ray (2000). Thasure of food efficiency,
computationally similar to the concept of revenu&ciency, is introduced and
described in Chapter 2. The DEA-estimates are durthodified to account for the
fact that input variables are either fixed in ther$ run, such as household and farm
size, or variable, such as the use of fertilizehioed labour. The full description of
the DEA-models is given in Appendix A.

In Chapter 4, efficiency scores are estimated panacally by using
Stochastic Frontier Analysis. More specifically, this chapter the relationship
between efficiency scores and heterogeneity in fedillity levels is explored and a

detailed description of this method is given.
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Chapter 2

Does heterogeneity in goals and preferences affadlocative

and technical efficiency? A case study in northeriNigeria.

" This chapter is under review as:
Berkhout, E.D., Schipper, R.A., Kuyvenhoven, A.ulmaly, O. Does heterogeneity in goals and
preferences affects allocative and technical &fficy? A case study in northern Nigeria. Submitted.
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Abstract

Household characteristics are commonly used toagxplariation in smallholder efficiency
levels. The underlying assumption is that diffeenin intended behaviour are well described
by such variables, while there is no a priori reagbat this is the case. Moreover,
heterogeneity in farmer goals and preferencesglation to the role of the farm enterprise,
are not well documented in developing countriess Tasearch makes a contribution to fill
this gap by empirically determining heterogeneityfarmer goals and attitudes in Nigeria
through a pair-wise ranking, supplemented with tikeales. Principal component analysis is
used to reduce these data into behavioural facitfes.estimate technical and allocative
efficiency levels and analyse how these are relaaddrm characteristics and the identified
behavioural factors. The models in which both igehbehaviour and farmer characteristics
are included give a significantly better fit oveodels in which only household characteristics
are included. These regression results also sudbastthe socio-economic environment
affects efficiency levels both directly and indittgc through changes in goals and attitudes.
Additional research in rural areas of developingritdes should establish how agricultural
policies should account for this heterogeneity.
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Heterogeneity in goals and preferences and effagien

2.1 Introduction

A large body of literature analyses, both througirametric and non-parametric
methods, farm production behaviour in rural aredsdeveloping countries. The
majority of non-parametric approaches aims to sateufarmer production decisions
under various assumptions and scenarios (e.g.,llHameNorton, 1986). While these
provide useful insights in a potential efficienspense to exogenous changes, the
results are strongly conditional on the assumptioasgle by the researcher on farmer
behaviour. For example, several studies explaireresl variation in technical and
allocative efficiency levels from household andiseaconomic characteristics (e.g.,
Alene and Manyong, 2006), while other studies estitnhousehold factor demand as
a function of prices and household characterigicg., Singhet al, 1986)). These
studies thereby circumvent further explicit assuons on the shape of the utility
function. However, these studies make an implisgumption that the relationship
between farmers’ production goals and preferenoceshmusehold characteristics is
homogenous in the area of study, while there islear reason why this should be the
case. While some studies acknowledge the importahcatitudes and production
goals, very few actually attempt to quantify thaséhe micro level.

Risk attitudes, starting from Binswanger (1980)ndi preferences; and
preferences related to cooperation and trust hageived considerable attention in
field experiments in developing countries (e.g.rdeaas and Carpenter, 2008). On
the other hand, very few other attitudes have veckattention in empirical research.
For example, poorly functioning agricultural masketindoubtedly explain a
considerable part of the strong subsistence pramuocrientation found amongst
many smallholder farmers. That said, such impadastcan influence production
decisions both in a direct and indirect way. Whaleonomic circumstances limit
farmers from market-oriented production, farmergyhiview the production of
sufficient subsistence staple crops as their duitg. latter belief can be reinforced by
social, natural and economic factors.

The identification and quantification of farmer ¢ohas received considerable
attention in developed countries. Van Koogtral. (1986) documented farm goals in
Canada, Willock and Deary (1999) in Scotland, widksarir and Gillespie (2006)
documented and quantified differences in attituales goals between beef and dairy
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producers in Louisiana. To determine the effectsheke “human factors” several
studies have linked farm productivity measures pratluction choice with farmer
attitudes. Penning and Leuthold (2000) found imgoartelationships between farmer
attitudes and usage of future contracts in the IDbtwy sector. Amongst Dutch dairy
farmers, Bergevoett al. (2004) found that farmers’ objectives and attisi@plain
variation in farm size and milk quota. Hence, hageneity in farmer attitudes clearly
matters in developed countries, while it has rez@iexcept for risk attitudes and time
preferences, preciously little attention in devéilgpcountries.

A few exceptions are Costa and Rehman (1999) winodfohat goals do affect
farm decisions on herd size in Brazil, while Solatoal. (2006) related farmer
decision-making profiles to farm performance in aoRica. Some studies focusing
on African smallholder agriculture in relation tooguctivity explicitly acknowledge
the presence and relevance of multiple, sometimeflicting goals (e.g., Tittonell,
2008), while others have ventured to determine éarattitudes in relation to specific
farm management practices (e.g., Okoba and De GG20415; Brown, 2006). None to
our knowledge have empirically determined and gtiadtgoals and attitudes related
to the farm enterprise in general in Sub-Saharait#\f

The objective of this research is twofold. Firste wset to quantify
heterogeneity in farm production attributes empiticamongst smallholder farmers
in a rural African setting. Furthermore we examimbether a causal relationship
between the farmers’ attitudes and production gaasl his socio-economic
environment and personal characteristics existsiceleve hypothesize that both
exogenous economic factors as well as personahctaaistics influence variation in
these attitudes and production goals.

Secondly, heterogeneity in these attitudes andsgsakxpected to translate
into different production strategies, which matterspolicy-makers since it affects
farmer response to agricultural policies. Therefoeeexpect that differences in farm
productivity and efficiency measures, particulamgasures of profit, food and soil
use efficiency, are a partial result of heterogsmiei these preferences. This in turn
we set out to determine empirically. For these awes collected data from 230
farmers in northern Nigeria.

The remainder of this chapter is organized as Wigdlon the next section we
discuss the theoretical background, thereby rejation-separable agricultural

household models to various efficiency measures ted existence of multiple
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production attributes. In Section 2.3 we discugsdhta and the method of analysis,
while we present the main findings in Section 2Me discuss the results and draw

conclusions in Section 2.5.

2.2 Measuring efficiency in an agricultural househlal model

The core of the literature analysing productiongsedur in rural areas starts from the
agricultural household model (e.g., Singhal, 1985). In such a model utility is
maximized subject to income, derived from agriaatuproduction and off-farm
activities. Equations (2.1)-(2.7) describe the dtad model for the case of a
household producing a cash ci@p and subsistence cr@. Equation (2.1) defines a
consumption utility function, based on consumedndjtias Xc, Xs of these crops and
leisure,l. Equation (2.2) and (2.3) define the productiocht®logy of both crops,
with outputQc andQs, as a function of farm labour u¥e, Xs and land allocatiofc
andAsrespectively.

The left hand side of (2.4) defines full incomefassnm profitsI1, augmented
with household labour suppllyvalued at market wage rate The right hand side of
(2.4) denotes the cost of consumption includingsco$ leisure time. Profit (2.5) is
defined as market value of production minus laboasts. The total labour supply
(2,6) equals household labour supply to both cengbleisure consumptidn Finally
(2.7) indicates that labour supply to crgplLi, equals both household and market

supplied labour.

U(Xc, Xsl) (2.1)
Qs = Qs(As, Ls) (2.2)
Qe =Qc (A Le) (2.3)
M+wT = pgXg + pc X + W (2.4)
M=psQs + pcQ ~W(Ls +Lc) (2.5)
T=LL+L¢ +| (2.6)

! We assume land allocation and all other inputgp@bour, to be fixed throughout the remainder of
this paragraph. The results derived can easilydrsformed to a multiple input case. In the analysi
discussed in Chapter 4 multiple variable inputs amgbuts are included.
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L =L +L" 0i=C,S (2.7

If a farmer faces perfect in- and output marketg,, @0 significant price differences
between farm gate and markets, and perfect criditt and labour markets, the
decision-making process is, and the household medsllled, separable. Then utility
is maximized by first determining optimal producticand profit levels, (i.e.,
maximize (2.5) subject to (2.2) and (2.3)), yielglii). Next optimal consumption
levels can be derived based Bn (i.e., optimise (2.1) subject to (2.4)). Profit is

maximized when the marginal input productivitiealued at exogenous output prices,

equal exogenous unit input costs. Denote resutiptgnal production quantitie@l”

and Q" respectively.

Qe _y, 0
oL, oL

Pe =w (2.8)

By (2.6) an increase in commodity prices leadsffiwient production quantities at
which marginal productivities are lower. Optimahsamption decisions are found by
equating marginal utility of consumption to exogesa@ommodity prices multiplied
by the multiplier associated with the income caaistr(2.8).

o _ ., ; 9u
Xe. O aX

= pgA andaa—LlJ =wA (9)

A large body of research in rural agriculture inASfcuses on the production
component (2.5) of the model by determining measwk production efficiency
(Aregaet al, 2006; Binanet al, 2004). Hereby output (input)-efficiency is definas
the difference between actual output (input) anagimam (minimum) feasible output
(input) given a certain input (output) level, byngsa radial distance function, thereby
assuming equi-proportionate expansion (reductiomuitput (input) levels.

In addition to these measures, commonly referredstdechnical efficiency,
economic efficiency (i.e., cost, revenue, profiteasures have been used. All
measures are expressed as the distance betweah @ttirevenue/profit level and

optimal feasible costs/revenue/profit level, anghed®l on changing input or output
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levels and reducing technical inefficiency. The aapt of profit and technical

efficiency is illustrated in Figure 2.1 for one prwith variable labour inputg and

productionQg = Qg(Lg )
Q M’" = Isoprofitcurve (w /p)

Qs=Qs(Ls)

Ls" L™ L* T

Figure 2.1: Profit Efficiency — single crop

A farmer producing at poim, (QZ,L%), is technically inefficient, as the production

frontier shows that poinf”, (QZ,L%), with reduced labour uges < L% , while
holding output constant, is feasible as well. Hogrethe wage rate exceeds the value
of marginal returns to labour at poiAt , and decreasing total labour supply to point
LY is economically efficient. Hence, profits are nmaied a1, where the marginal
productivity of labour is tangent to the isoprofitrve with slopew/ps (2.8).
Furthermore, pointA” is scale, and/or in the case of multiple in- andpats,
allocatively inefficient and poinA is scale/allocatively and technically inefficient
with M*<N* <M". A full measure of economic or profit efficiencER) is
provided byM”/M" <1. The total profit foregone due to inefficiency,rmalised at
the observed cost lev€l,, can further be decomposed by identity (2.10) rtofit
lost due input-oriented technical inefficiency (T&)d profit lost due allocative and/or
scale inefficiency (AE) (e.g., Ray, 2004, p.233).

In (2.10),M" is the profit efficient level in Figure 2.1 thaarc be identified
through the application of a Data Envelopment AsiglDEA) model (Appendix

41



Chapter 2

A.3, equations A.1 - A.6)[1" is the level of profit based on the observed lefel

output and observed use of labollf, = psQ% - wLA, and M *"is the level of profit
when input-oriented technical inefficiency is elirated, 1" = psQf - wL2 . The
latter equals:M*' = psQ% - a wL%, with a being a measure of input-oriented

technical efficiency. This measume can be identified through the application of

another DEA-model (Appendix A.3, equations A.8 12).

AE TE
o) ), ) -
C:A C:A C:A

Then, the last term in (2.10) reduces to @) as shown in (2.11) and the normalised
, e n -n~) . .
profit lost due to allocative inefficien yC— in (2.10) can be determined.
A

(n*-n*)_ (p,Q2 -awL?)-(p,Q2 -wL?)

C, wL?

= (1-a) (2.11)

Note that when profit efficiency estimates are elés 1, farm production decisions
reflect profit-maximizing behaviour and separapildf the household model holds
approximately. Another commonly used method to mi@tege whether separability
holds is by estimating input demand functions basead(2.8) which, under the
assumption of separability, should be a functioty @f the production technology
and input prices. If household characteristics dffuénce production decisions,
separability is usually rejected. Most studies fthdt in developing countries, the
cases for which separability holds are an exceptiotih imperfect markets being the
rule (e.g., Jacoby, 1993; Kevane, 1996).

With market failure(s), production and consumptaecisions can likely not
be considered separately, but instead optimal @taxtu decisions are described by
different attributes such as cash needs and sahsestconsumption requirements.
Furthermore, the relative importance of certairitaites is likely to differ from

farmer to farmer, amongst others, reflecting thieiegration into input and output
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markets. Moreover separability is likely to holad &mme farmers but not all, as shown
by Carter and Yao (2002).

Let us assume the extreme case in which a farnwmmpletely isolated from
markets. This could be in part due to the non-erist of certain output and input
markets (e.g., due to geographic isolation anditingy credit and insurance markets),
which is possibly further aggravated by price ameldyrisk, or because a farmer
chooses to produce in isolation from markets. Thi@yufunction (2.12) is defined
such that utility depends on the consumption ofrgynéF) (or protein) and leisure.
Note that efficient production decisions (2.8) areariant to the shape of the utility
function under separability. Again a farmer canwgrboth crops but does not
participate in markets. Both the crops can be cmesly but the nutritional content per
unit of production ofQs is considerably highergs > 5c. Energy consumption is
defined as (2.13).

Max U (F,1) (2.12)
F(Qc,Qs) =77cQc (L) +75Qs(Ls) (2.13)

First order conditions of maximizing (2.11) subjexi2.12), the production functions
(2.2), (2.3), and labour restriction (2.6), redtme

U Q. _dUdQ, _oau
o e o s =
OF oL, OF oL, ol

(2.14)

By (2.14) a farmer chooses production such thatgmak utility derived from
applying one extra unit of labour to production agumarginal utility from one extra
unit of leisure. Denote the optimal production ditées from (2.14) aQy” and QY
l.e., food efficient levels.

The concept of food efficiency is illustrated fosiagle crop model in Figure
2.2. A further simplification is made that utility only derived from consumption of

energy. The dotted line in Figure 2.2 representsl tenergy produced, which is a
constant fraction of total output. Again, a farnpeoducing atQZ, L% )s technically

inefficient, similar to the case of profit efficieym A farmer aiming to maximize food
production will use the full labour supplyto produce, in the case of a single crop, at
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corner pointd. Hence,(QZ', L% )s food inefficient and a measure of food efficignc

is given by (2.15). Similar to the concept of rewerefficiency, food efficiency (FE)
can be decomposed into output-oriented technida) &hd allocative efficiency (AE).
Qs

Q’ /IM
Qs A

LM Ls®

Figure 2.2: Food Efficiency — single crop

A TEA AI,E‘-\'
E® :(‘D—* = (DACD—* (215)
o 97O

FE

The case for two crops (cash and subsistence)uistrdted in Figure 2.3. Here
production of the subsistence crop reads fromeftednd remaining labour is used in
the production of the cash crop (from the right)eTwo lightly dotted curves indicate
nutrients produced, as a constant fraction of totaput, for each of the two crops.
The bold dashed curve shows total energetic valoduged, the maximum of which
denotes food efficient production levels. At thissamum, labour supply to the
subsistence crop equalg and to the cash crop — Lg. At this point the marginal
energetic value of labour use in one crop equatsntlarginal energetic value lost
when removing one unit of labour from the otherpcr&inally labour supply and
production in both Figure 2.2 and 2.3 is lowereislre is a normal good, hence the
depicted food efficient production levels are tletimal upper bounds based on the

case in which no leisure is consumed.
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Qs Qc
W —_ ———————————— q)*

Q"

................................ Qc’
Ls— Ls" Ls® Lle=T-Ls

Figure 2.3: Food Efficiency — two crops

The two formulated cases above, profit and foottieficy, reflect two extremes. The
former in which a farmer produces and consumesewpdlrticipating in all markets,
the latter in which he consumes and produces iatisa from all markets. In reality
farmers are likely to produce and consume somewinebetween, with this choice
being influenced by local circumstances, the fagnendowment and his personal

attitudes and preferences. To relate both cases, intreduce weights, g,

andg, = (l-g,), such that

Q¢ =gn(Qs -Q5)+QS (2.16)
QA =0n(Q -Q)+QT (2.17)

Hereby g, = 1 reflects the case in which a farmer producespttnal profit levels,
and g, = 0 the case in which a farmer is producing atrogtifood levels. Hence for

intermediate values a farmer implicitly optimises@mbination of the objective to

maximize profits and to satisfy consumption prefiees from his farm production.

2 Note that it is assumed th@Z [J [QgI ,Qg*] and similarly Q2 D[anx ,Qg’*] . This implies, by

(2.16) and (2.17), thater g» = 1. It is likely that actual production quantitiefarmers are
somewhere in between these two extreme cases.
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We define actual profit and food production as 12.and (2.18) respectively, and
define profit efficiencyE™ and food efficiencyE® as (2.19) and (2.20).

N*= > p(9.Q" +9oQ™) (2.18)
i=S,C

®" = 3 77,(97Q" + 9uQ”) (2.19)
i=S,C

E'"=n*/N"<1 (2.20)

E° ="/ <1 (2.21)

Hereby M" and @  are defined by (2.8) and (2.14) respectively. ljnanote that

E" =E"(g,) increases for decreases [in-g,| and E® =E®(g,, ) increases for
decreases idil— g¢|. Furthermore by construction, the expected cditglcbetween

food and profit efficiency levels is negativéoME" (g,),E®(1-g,))< . 0

While environmental factors (i.e., rainfall and Isdertility) as well as
managerial quality to a large degree explain legétechnical efficiency, measures of
allocative efficiency are a direct result of farmbkehaviour. Hence, we view
differences in allocative efficiency as the resplitbehavioural heterogeneity, i.e.,
heterogeneity in livelihood strategies.

We assume the weiglgg and g, are a function of the farmers’ goals and
personal preferences and attitudesThese preferences include the perceptions and
attitudes of farmers on the role agriculture playis livelihood. For example, social
and personal perceptions might be such that agwreulprimarily serves to meet
subsistence demands, hence giving a risg, o These goals themselves are likely in
part explained by the socio-economic and biophy&ngironment in which a farmer

operates. This is captured by (2.22).
dn =9n (Z(K),K) = En(gn):En(gn (z(K),K)) (2.22)

In (2.22), variables in vectdf reflect various market imperfections such as arts
costs and participation in credit and insuranceketar and farmers’ assets (i.e.,

natural, financial, human, social and physical tzdpiNote that some variables can
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have both direct and indirect effects, through farngoals and preferences, on
production decisions.

Figure 2.4 illustrates this approach in a concdgtamework, thereby relating
farmer goals and objectives to livelihood assets larelihood indicators. The figure
is adapted from the Sustainable Livelihoods FrammewfEllis, 2000). In the
framework it is assumed that trends and shocksliiwsod assets and partly
endogenous factors such as social relations antutiens, result in livelihood
strategies, as denoted by the continuous arrowiseirfigure. At the same time these
livelihood strategies give rise to the objectived attitudes of a farmer on the role of

agriculture in his livelihood strategy (i.eg,;, or g, ). Finally, these strategies lead to

farm and non-farm strategies, and hence to livelhand sustainability indicators,
while at the same time direct effects on livelihaodicators are possible. In this
chapter we further quantify the relationships adidated by the dashed lines. The
next section describes the data collection, indgdhe measurements of goals and
objectives, as well as the determination of efficemeasurements.
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Figure 2.4: Conceptual framework farmer decisions
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2.3 Estimation approach and data

2.3.1 Estimated model

Section 2.2 argues that farmer production decisiares aimed at supplying the
market, at meeting own consumption, or a combinadioboth. Such heterogeneity in
objectives is illustrated in Figure 2.5. While sorfi@emers (i.e., group A) aim at
supplying goods to the market (i.e., are relativelpre profit efficient), others
primarily aim to meet domestic demand for food (graC), while again others fall
somewhere in between (group B).

Hence we relate observed efficiency levels to baibsehold characteristics
and heterogeneity in goals and attitudes. Firstieffcy measureE® are determined,
through Data Envelopment Analysis (DEA). These mesmsare expressed on a scale
between 0 and 1, with 1 reflecting full efficiencdbserved efficiency levels are then
related to household characteristics as in (3,28)th K; a vector of household
characteristics such as age, level of educationdstdnce to markets. Due to the

censored nature of the observations, (2.23) isnaséid by a Tobit regression.

Qs

Qs®

Qs"

L3—>

Figure 2.5: Heterogeneity in objectives

In our approach we hypothesize that efficiency lewan be explained by household

goals and preferences, in addition to householdackeristics. We include these

® We suppress the farmer subscript in the formulasented
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through “behavioural” variableg, and are interested whether equation (2.23) better

describes the observed variation in efficiency leve

N

ES = IBOS +ZﬁisKi +gls (223)
i=1
N M

E° = Bos + 2, BKi +D vz, +, (2.24)
i=1 j=1

It is possible that the behavioural variablgs are related to the household
characteristic&; (2.24):

N
z, =ay, +Zaij K; + &, (2.25)

i=1

Hence if household preferences and goals indeed hadirect effect on efficiency
levels, and if these preferences are fully desdriipehousehold characteristics (2.25),
then by substituting (2.25) into (2.24), equati@r26) can be estimated directly.

N
ES = IB(;S + ZﬁI;KI +‘9;s (226)
i=1

This reflects the commonly estimated case wgres unobserved. The parameter

estimates of household characteristicthen capture both direct and indirect effects
M M

(throughz), with B, = B, + zyjsaij ande, =&, + zijEZj -
j=0 j=1

If the inclusion of behavioural factos in (2.24) does give a significantly
better fit compared to direct estimation of (2.28% should conclude that household
preferences and goals do give additional explanatiabserved efficiency levels.

It is however not directly obvious whether (2.24anc be estimated
consistently. If the causality is postulated cafgeas in (2.24) and (2.25), then both
equations describe a fully recursive system. Tfel,and&; are independent and the
error termse;s and &; are uncorrelated, both equations can be condigtestimated

by a Tobit regression (e.g., Greene, 1997, p.7BlEkertheless there are several
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reasons why the error terms might be correlatedt,fheasurement errorsknwould

not only render consistent estimation of (2.25) asgble, but would also induce
correlation between both equationskagnters both. Secondly, unobserved variables
such as local climatic conditions might influencethb behavioural factors and
efficiency levels. This omitted variable bias thearries over to both equations.
Furthermore, efficiency levels and intended behawviight suffer from simultaneity
bias. We therefore test if endogeneity affects #@stimated Tobit models. By
estimating (2.25) variables are identified whichrretate with z but not with
efficiency levelsks and serve as potential instrumemisWald test on exogeneity is
used to test if; need to be instrumented (e.g., Cameron and Triz@d5, p. 561).

2.3.2 Data collection

Data is collected in the 2006-cropping season f8@ farmers in seven villages
(Figure 2.6) in the Northern Guinea and Soudan B@wvan northern Nigeria. The
region is characterized by a unimodal rainfall @att from June till September.
Mixed cropping systems with cereals (maize, sorghmitiet) and legumes (cowpea,
groundnut) dominate the region. Nevertheless, athagrs such as rice, sugarcane and

tuber crops are frequently cultivated, as well egetables to supply Nigeria's urban

population.

©  Larger towns
© Project sites

Major roads
[ states
Agroecological Zone
" - Arid/Sahel Savanna
- Semi-arid/Sudan Savanna
- Northern Guinea Savanna

[
h 0 25 50

Figure 2.6: Sites data collection
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The village selection is based on differences inketeaccess, population pressure and
production potential (differences in soils and clte). In each village a list of
inhabitants is established with village elderspfravhich 30 to 40 farm households
are randomly selected. At this point all seleciaaniers are asked if they are willing
to participate in the survey, which consists ofethrdifferent survey instruments
administered at different moments in time. All #gnrastruments were extensively pre-
tested in a non-sample area. Village-based and -didloyed enumerators have
carried out the data collection. The village-basedmerators (either extension agents
or school teachers) have received training befoeedata collection to refresh their
interview techniques. The third survey, elicitingrrhers’ goals and production
attributes, is administered by an experienced |Bmmerator due to the more
complex nature of the questions.

In the first survey information on household compos was elicited,
including age, education level and income souroegdch member of the household,
farm assets, plot sizes and their perceived promugotential, farm tools, non-farm
assets (bicycles, radios, etc.), livestock ownergper type of animal), and a number
of general questions such as received agriculttaaling and contact with extension
agents. The enumerators administered the secoudyssinortly after harvest. At this
point production data (harvested products and dfies)t and detailed input data
(fertilizer use, hired labour, pesticide use) weodected. Table 2.1 and 2.2 describe

the major characteristics observed.

Table 2.1: Village characteristics

Local Household % of % having  Assets Assets Herd Size % of
Government | Size which other (Farm)l (Non- which are
Area are income farm)* small
children  sources ruminants
# Naira Naira TLU
Kaita 5.21 51 39 1,138 14,374 1.49 59
Bindawa 8.05 63 17 7,651 36,985 3.73 28
Kunchi 8.83 58 07 31,529 22,609 6.14 44
Warawa 8.41 49 50 34,295 20,445 1.64 58
Kiru 5.72 74 20 9,377 20,463 1.92 54
Hayin Dogo 6.47 44 37 7,339 49,777 5.08 72
Ikuzeh 7.34 53 29 4,609 20,947 0.90 25

Data based on village-level surveys in Kaduna, Kano and Katsina states in 2006 and 2007.
! 130 Naira approximately equals 1 USD
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Table 2.2: Production data

LGA Fertilizer Manure Pesticides / Land to Hired Farm Fallow
Herbicides Labour Labour Size
ratio
(kgha') (kgha')  (liter ha™) (menha®)  (Nairaha™)! (ha) (% of
farm)
Kaita 94 1,822 0.67 1.31 1,379 1.47 0.00
Bindawa 83 1,417 0.25 0.76 3,905 3.66 0.00
Kunchi 90 1,955 0.03 1.49 1,719 2.56 11.89
Warawa 29 2,333 0.00 0.98 3,931 3.00 0.00
Kiru 264 946 0.00 0.75 10,797 3.17 0.00
Hayin Dogo 173 197 0.06 0.82 2,311 5.07 0.00
Ikuzeh 32 24 0.73 0.86 505 5.80 0.00

Data based on village-level surveys in Kaduna, Kano and Katsina states in 2006 and 2007.
! 130 Naira approximately equals 1 USD

The third survey consists of two parts; a fuzzypase ranking and a set of Likert-
scale questions. Both parts were translated inéo Itical language (Hausa). The
objective of the fuzzy pair-wise ranking (e.g., ldootenet al, 1986) was carefully

explained, such that the farmer fully understoaal rtiethodology, before the ranking
started. In this ranking farmers were asked tociagi their preferences for five goals.
These goals are: getting the highest net benefits ffarming; getting the highest
subsistence food production; minimizing the risk§asming; safeguarding the soil
for future generations; and minimizing labour useagriculture. Each pair was
visualized clearly to the farmer, as shown in Feg&.7, whereby a line drawn

between two attributes represents the relativeepeete.

Goal a Goal b

Figure 2.7: Visualization of goals in pair-wise goal ranking method

A farmeri was then asked to value the relative importancadhigating a cross on a
line connecting the two attributes,andb, thereby yielding a scon& 5. A cross in
the centre represents equal importance, giRRg = Rpa = 0.5. A deviation from the
centre indicates more importance of one attribwitth R 2 > R, 2 for somea andb.
This was repeated for each possible pair of gaals 0 G. We used normalized
scores such th& . + Ripa = 1. Finally aggregated values are computed foh ed
the goal weights by applying (2.27) (Van Kooteinal, 1986), wherd;; represents

the aggregate preference of farmér goala.
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1= 1S R0 06 .27

The aim of this aggregation is to calculate the liHaan distance between an
observed ranking and an exact scoring, i.e., as@mgnent in the space of rankings for
which one goal strictly dominates all others. Thecliglian distance between an

observed ranking and the line segment for which gostrictly dominates all other

G 1/2
goals is measured bEz Rz,b,aJ . The distance is subsequently normalised by
b=1

dividing it by the maximum value it can tak&,G|—1)1/2. The minimum value the

distance can take is zero, which occurs when tlserebd ranking falls exactly on the
line segment and then, by (2.2T), equals 1. Hence, these aggregated values lie
between zero and one, with larger values refleciirgyeater intensity or preference
for that specific goal and fok, > lj, attributea is strictly more important than
attributeb to farmeri. Moreover, the aggregation maintains transivitytransivity
holds in the ranking itself.

Next, the farmer responded to 17 questions (AppeAdiTable A.1), giving
statements on, and aimed at further measuring, eftiese attributes. The farmer
was asked to state his opinion on each questionresubnd in the format Agree/
Neutral/ Disagree or Don’t know. The enumeratorterrdown the answer given. We
did not opt to include a more extended scale, ab suances would not be captured
easily in the process of translation.

2.3.3 Determining efficiency levels

To measure efficiency level&" and E®, Data Envelopment Analysis (DEA) is
used. Charnegt al. (1976) introduced DEA, shortly followed by its paretric
counterpart, stochastic frontier analysis (SFAffret al, 1977; Meeusen and Van
den Broeck, 1977).

The advantage of using DEA over SFA is the flexipilto account for
multiple in- and outputs; whereas estimation protdeelated to endogeneity plague
such estimations in SFA. Although Kumbhakar (1998pposes a method to
determine efficiency levels by applying SFA for Bumases, the method is difficult to
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implement and has not been used frequently. Funiber a DEA-program to

determine profit efficiency can easily be modifi@daccount for different attributes
such as food efficiency. A major disadvantage ofADE that the method is
consistent, but biased in small samples. Nevergselsome studies find only small
differences between SFA and DEA estimates (e.gegéret al, 2006), thus

suggesting the two methods are interchangeablsdufficiently large samples. The
estimation bias in small samples is of concern @aflg in a two-step method in
which efficiency scores are explained, as in owalysis. Simar and Wilson (2007)
propose a method to improve the consistency. Hokyesame studies find minor
changes when applying the Simar and Wilson metleogl,(Afonso and St. Aubyn,
2006).We therefore opt not to correct for this small sknipas.

We estimate profit efficiencyH" ) as the distance between actual profit level
and maximum achievable profit level, given obseryeites for variable in- and
outputs. Food efficiency H®) is measured as the distance between actual and
potential maximal food production, both of whicle deasible given the observed
input bundle used, in Mega Joules. This approasimdar to the concept of revenue
efficiency in which instead of market prices, raatnutritional content (FAO, 2006)
is used.

We further decompose food inefficiency into techhienefficiency and
allocative inefficiency by applying (2.15). We es#te an additive decomposition to
obtain total normalised profit lost due to inputented technical inefficiency and
profit allocative inefficiency, based on (2.10).€Ttull description of the DEA-models
used is provided in Appendix A (Sections A.2, ArBl&\.4), while the programs are
written and solved in AIMMS 3.6.

In the area of study 22 different crops are gromedian per farmer: 3), and 8
different kinds of inputs are used (median per &rn%). As the number of in- and
outputs included influences the efficiency levelstputs are aggregated in four main
classifications, cereals (excluding rice), leguntegh-value crops (roots, tubers and
vegetables), rice, and sugarcane. We do not aggrege and sugarcane into the
other outputs, as both of them require a special Iaput (fadama (riverbed) fields).
Furthermore their prices and nutritional values peit output differ considerably
from other cereal or high-value crops. On the inpdé only the three different types
of fertilizer are aggregated (NPK, Urea, SSP). Aaheposition of fertilizer use into
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the different active components would not have b@ene accurate due to common
practices of adulterating fertilizer. Given thetufist roles household labour, farm
size, fadama size, pesticide use, manure and Hatsolr play in the production
process, these are maintained as separate inptite iDEA models. No data was
available to further express pesticide use intatjtieas of active components.

Prices, as well as nutritional and soil fertilitglwes and soil fertility use, used
for each of these outputs are a weighted averagaioés of individual crops, in
which the weights represent the share of produatioa crop in total production of
this aggregated output (in kg). In a similar wayces for the aggregated fertilizer
variable are calculated. Finally some inputs arediin the short-run (household
labour available to agriculture, farm and fadanme)siHence these variables cannot
be purchased or sold on the market (at least irshiogt run), and the DEA model is
modified for this (Ray, 2004, p. 220).

2.4 Estimation results

2.4.1 ldentifying heterogeneity in production attrbutes

Table 2.3 shows aggregated scores, by applying’/Y2fBom the fuzzy pair-wise
ranking. It appears that staple food production @uodtainability are the most
important attributes to farmers in the area of gtddllowed by risk aversion, while

gross margins and labour use minimization areivelgtunimportant.

Table 2.3: Means (and standard deviations) of goals in pair-wise ranking

Goal Gross Margin Staple food Risk Labour use  Sustainability
production aversion

Mean 0.18 0.65 0.41 0.07 0.64

(standard (0.14) (0.28) (0.20) (0.09) (0.28)

deviation)

We further compared the ordering of the aggregatades with the scores on the
individual pairs. These are fully consistent for9@©f the sample, while for the
remaining observations one to three of the indigichairs are inconsistent with the
aggregated scores. Given this small number we tengklieve transitivity is well
maintained in the aggregated scores.
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Table 2.4: Factor loadings

Factors 1 2 3 4 5 6 7 8 9
Questions
Q1 0.14 -0.02 -0.03 -0.09 0.01 0.63 0.01 0.00 -0.21
Q2 0.13 0.03 0.19 -0.06 -0.03 -0.73 -0.12 -0.02 -0.12
Q3 0.15 -0.19 -0.41 -0.01 0.55 0.05 0.15 0.31 0.03
Q4 0.09 -0.03 0.12 0.06 -0.03 0.72 -0.23 0.02 0.25
Q5 -0.15 0.61 0.14 -0.06 0.60 -0.02 0.01 0.08 -0.01
Q6 0.02 0.82 0.00 0.05 0.15 -0.03 0.07 -0.02 0.08
Q7 0.60 -0.02 0.21 0.01 0.08 0.10 0.25 0.22 -0.22
Q8 0.19 -0.25 -0.08 0.20 0.50 0.01 -0.11 -0.21 0.38
Q9 -0.01 0.20 0.07 -0.03 0.82 -0.01 -0.05 -0.06 -0.05
Q10 0.84 0.07 0.02 0.07 0.02 -0.01 -0.11 -0.05 0.12
Q11 0.02 0.20 0.07 0.04 0.07 0.27 0.55 0.06 -0.30
Q12 0.31 0.07 0.82 0.02 0.00 -0.01 0.05 0.03 0.01
Q13 0.14 0.76 -0.01 0.06 -0.08 -0.03 0.05 -0.06 -0.01
Q14 -0.75 -0.05 0.10 0.15 0.02 -0.06 -0.19 0.03 0.08
Q15 -0.04 0.07 -0.28 0.09 0.05 0.02 -0.03 0.67 -0.14
Q16 -0.08 0.10 -0.07 -0.01 0.02 0.10 0.08 0.07 0.80
Q17 0.32 0.01 -0.01 0.24 0.07 -0.15 0.56 0.12 0.06
Gross Margin 0.07 -0.11 0.12 -0.05 -0.06 0.01 0.03 0.83 0.18
Staple Food 0.07 0.00 -0.13 -0.89 -0.03 -0.06 0.24 -0.16 0.07
Production
Risk aversion -0.03 -0.02 -0.20 0.19 0.15 0.11 -0.76 0.13 -0.21
Labour use -0.27 -0.05 0.77 -0.03 0.03 -0.11 0.21 -0.14 -0.13
Sustainability 0.00 0.11 -0.13 0.86 -0.04 -0.04 0.27 -0.13 0.08

Q1 to Q17 refer to questions 1 to 17. These questions are described in Appendix A. The five
rows at the bottom refer to the aggregated preferences for production goals obtained by
applying (2.26). The questions and preferences in bold most strongly relate to the identified
factors.

Principal component analysis is used to reducedtta from the ranking and the
additional questions administered (Table 2.4). @halysis is done for both data sets
separately and jointly. As the joined principal ganent analysis is similar to the
separate analyses, we stick to the latter. Vanotations are used to facilitate easier
interpretation of the factors obtained, though Watgely similar results. The results
and an interpretation of the observed factors arengn Table 2.5. We refer to these
factors, i.e., variableg, as the behavioural factors in the remainder efdbcument.
The results show that nine factors explain 68%etaltvariation observed.

Only the factors 3, 4, 7 and 8 correlate with theights from the pair-wise
ranking. This is disappointing as the additionakgfions are meant to provide a
robustness check of the methodology used. Hererfdctolely consists of the inverse
negative relationship between sustainability andsmtence production. Clearly a
lower importance of subsistence production fromicadpure is associated with

increasing importance of maintaining soil fertilitgvels. A strong importance of
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minimizing labour use on the farm relates to fa@pmwhile the goal to maximize
gross margins in agriculture relates to factor 8.

The other identified factors relate to risk avegtlehaviour (factor 1); a drive
to invest in a sustainable farm business (factortl®) view that subsistence crop
production is a duty (factor 6). Furthermore badlotérs 7 and 9 relate to a strong
desire to seek exit from agriculture. Finally, facb indicates a desire of being a
successful farmer and, at the same time, a bitusomjly, relates to stronger

importance of risk aversion.

Table 2.5: Factor analysis

Factor Variation  Cumulative  Higher scores reflect:

explained variation

explained

1 11.27 11.27 Risk averting behaviour
2 10.02 21.29 Drive to invest in farm business
3 9.49 30.78 Minimize labour use, cannot invest in soils
4 7.57 38.35 Safeguard soil resources for future use
5 6.67 45.03 Wants to be a successful farmer in the future
6 6.28 51.30 Subsistence crop production is one’s duty
7 6.03 57.34 Seeks exit from agriculture
8 5.58 62.92 Maximizing financial benefits from farming
9 4.84 67.75 Finds no pleasure in farming

2.4.2 Relating socio-economic variables to heteraggty in production attributes

In the second step the behavioural factors areessgd on both village dummies
(Kaita is used as reference village) and data aséioold level (Table 2.6). Although
we do find significant relationships between thelgsound of farmers and their
attitudes, the explained variation is low. In mestimations the adjusted Ranges
from 0.11 to 0.53, while only factor 1 is explainatla considerably higher level
(adjusted B 0.55). Hence a considerable part of the variaiionattitudes and
preferences cannot be explained from commonly ebgeiarm-level data.

A number of the effects are as expected. Most mptak aversion (factor 1)
declines with household size and education levetthermore it strongly correlates
with village dummies, whereby risk aversion appeardecline for increasing levels
of rainfall. Again the location of the householdosigly relates to the desire to
minimize labour use (factor 3), with additionalexts from variables such as other
sources of income. Finally, the desire of beingeessful farmer (factor 5) increases
with household size, education level and other asiof income, while it decreases

with livestock ownership and effective labour sypial the farm. The remaining
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factors correlate with a combination of village dums and household

characteristics, but levels of explained variatoe low.

2.4.3 Relating heterogeneity in production attitude to efficiency levels

We use the DEA methodology as described in Se@i88 to compute different
scores for technical, food, profit and food alldpeatefficiency. An estimate of profit
allocative inefficiency is determined as well usitige additive decomposition
described in Section 2.2. Table 2.7 shows the gesraof inefficiency levels
estimated, whereby a farm is considered efficieme¢nvthe score takes the value of 0,
and inefficient for scores greater than 0. The memsf profit allocative inefficiency
denotes the amount of profit lost, divided by th#ial cost level, due to allocative
inefficiency. Hereby, smaller values also refleagher levels of profit allocative

efficiency.

Table 2.7: Inefficiency levels

Efficiency Technical Food Food Profit Profit

measure (Input allocative allocative
Oriented)

Mean 0.33 0.34 0.15 0.85 82

Standard 0.34 0.25 0.15 0.20 154

Deviation

Inefficiency levels are expressed on a scale between 0 and 1 (0 = full efficiency). The
estimate of profit allocative inefficiency is based on the additive decomposition in equation
(2.10).

The results show that, on average, farmers aréuwalafood allocative efficient, but
far from profit efficient, which seems to confirmhet high scores on staple food
production and low scores on gross margins obtainethe ranking. Total food
inefficiency, combining both output-oriented tedtali and allocative inefficiency,
averages 0.34. A large part of the latter inefficie is attributable to technical
inefficiency. The average (input-oriented) techhioafficiency level is 0.33. This is
relatively low but combined with the standard dé&weia of 0.34, still implies that a
considerable group of farmers produce at very Idficiency levels. Furthermore,
profit inefficiency levels are high, i.e., produmti and consumption decisions are
clearly not separable, but do show some variatowoss the sample. Profit and food
efficiency are correlated at 0.19 (significant &&)5 This is contrary to the discussion
in Section 2.2, in which a negative correlation wapected. It thus suggests that both

objectives do not directly imply a trade-off to mhémmers.
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Table 2.8 shows the results of estimating equa2o?4) for the different efficiency
measures In all these estimations significant effects ofne behavioural factors are
observed. Especially the factors describing riskertawg behaviour and the
minimization of labour use are highly significantmultiple estimations.

We formally test whether the inclusion of the bebaxal factors does give a
better explanation of the variation observed. Irthake final models an F-test on the
exclusion of the behavioural factors is rejectedrébver the pseudo?Radjusted-R
and Akaike’s information criterion (AIC) indicate hetter fit after including
behavioural factors in all estimations (bottom rokedble 2.8). On the other hand, the
drop in AIC, indicating an improvement in fit islgnrmoderate but significant.

The direct effects of the socio-economic varialmetuded are similar to those
described in other efficiency studies in Africanadimolder agriculture. Technical
efficiency levels increase with soil quality, avgeaage in the household andfter
correcting for its endogeneitywith use of hired labour. There is a negative ciftd
schooling on technical efficiency levels, possiliye to an orientation for, and
interest in the non-farm sector. Farmers for whbmdistance to farms is larger, are
less food allocatively efficient. This possibly legfts that riverbed fields, used for
production of high-value crops, are commonly natnf close to households due to
risk of flooding. Furthermore, profit (food) effemcy increases (decreases) with other
sources of income and increases (decreases) ifefarimave received agricultural
training. A number of other variables are droppeaimf the final models as no
significant effects are found. The village dummaes included to pick up both local
climatic conditions, and the fact that not all sa@an be cultivated in each location.

Five of the nine identified factors do affect eificcy levels, although the
significant effects of factor 8 disappear afterreoting for endogeneity (regression
B). The signs of the parameter estimates largehfico intuition. Factor 3 strongly
relates to the desire to minimize labour use (frtme pair-wise ranking) and
negatively affects technical efficiency levels. teacl, resulting from questions
expressing issues related to risk aversion, deese@screases) levels of profit (food)
allocative efficiency. This coincides with the comwmly expected effects of risk
aversion. Factor 6 expresses a strong subsisteecgation, and farmers scoring high

on this factor display lower levels of profit eféocy. The effect of factor 5 —relating

! Using Stata 9.2. With the exception of profit alitive inefficiency (Model D), the dependent
variables are a measure of efficiency, wherebyéiighlues reflect higher levels of efficiency.
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Table 2.8: Relating variation in efficiency levels to characteristics and behaviour

Regression A B C D
Efficiency Measure: Technical Technical Food Profit
Efficiency Efficiency’  allocative allocative®
Estimation method: Tobit IV-Tobit Tobit OLS
Exogenous Variable™:
Farm size
Farm distance -0.05%**
Farm quality 0.35***
Household size
Other income source of household head -0.08*** 0.50%**
(Dummy)
Average age household 0.14*
Achieved primary/koranic education(Dummy)  -0.24** -0.13*
3 Achieved secondary/tertiary education -0.22* -0.24**
s (Dummy)
s Distance to markets 0.16**
3 Total value of assets 0.17%x=
= Total livestock ownership (TLU)
2 Household has attended agricultural trainings -0.13**
S | (bummy)
g Household head engages in wage labour -0.09***
'S (Dummy)
3 Household head hires wage labour (Dummy)  -0.26** 0.44**
Bindawa
Kunchi
@ | Warawa 0.13 -0.59**
= Kiru 0.47*+* 0.08 0.50**
8 g Hayin Dogo 0.41*** 0.22***
S A | Ikuzeh 0.19* 0.12* -1.28***
Factor 1 Risk averting behaviour 0.02** -0.28***
" Factor 3 Minimize labour use, cannot invest  -0.13*** -0.08***
S in soils
§ Factor 5 Wants to be a successful farmer in -0.03* -0.15**
= the future
g Factor 6 Subsistence crop production is a -0.13*
S duty
S Factor 8 Maximizing financial benefits from -0.09**
3 farming
F-test on excluding behavioural factors 0.00 0.00 0.05 0.00
(p-value)
Wald test exogeneity” 0.99 0.98 0.61°
With behavioural Pseudo -R” 0.30 2.41 0.38°
factors AIC 185.64 89.60 3.96 413.25
Without behavioural Pseudo -R” 0.27 1.38 0.34°
factors AIC 197.68 115.91 12.55 444.54

" * significant at 10%, ** significant at 5%, *** significant at 1%, only significant variables

shown

® Tobit regression in which use of hired labour is instrumented for by total value of assets
3 Dependent variable is log of profits lost due to allocative inefficiency multiplied by -1. Higher
values reflect lower losses and higher levels of profit efficiency.
* p-value of a Wald-test on exogeneity is shown. The behavioural factors, use of hired labour,
and engagement in wage labour are instrumented by using Newey’s two-step estimator.
® Durbin-Wu-Hausman test
® Adjusted-R?
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to the desire of being a successful farmer— is sdraepuzzling as it leads to lower
levels of food and profit efficiency.

We finally analyse whether the endogeneity of thkadvioural factors affects
the consistency of the estimation, by using a Wedd-on exogeneity. This analysis is
however hindered by the availability of instrumenitsregression A two behavioural
factors appear significant, for which potentialtraments are needed. Of the three
village dummies not affecting technical efficierleyels, two strongly correlate with
both behavioural factors (Table 2.9).

Table 2.9: Identifying instruments

Household Household Factor 1 Factor 3 Factor 5 Factor 6 Factor 8
hires wage engages in
labour wage
labour
Household Size 0.25*
Age household head 0.41
Total value of assets | 0.07*** -0.09***
Livestock ownership -0.13**
Kunchi -0.61%** 1.61%** 0.63***
(Village dummy)
Warawa 0.99*** -0.50%**
(Village dummy)
Hayin Dogo -1.01%**
(Village dummy)
Ikuzeh -0.66***
(Village dummy)
F-value 19.29 16.55 19.17 60.89 4.55 3.20 10.23

** significant at 5%, *** significant at 1%
Table shows reduced form estimations, explaining potential endogenous variables (top row)
from exogenous variables not affecting efficiency levels.

Furthermore, use of hired labour is likely to suffeom reverse causality. First,
farmers operating at low efficiency levels may demaore from hiring labor thereby
increasing the demand for it. Second, decisiongsimg additional hired labor may be
influenced by favorable weather outcomes. A poatmtistrument for the latter is the
total value of assets, which does not correlatecbnical efficiency levels. Similarly,
suitable instruments are identified for the behaxab factors with significant effects
in regressions C and D, as well as engagement igewabour. The identified
instruments are shown in Table 2.9. Unfortunathbly teduced form estimations for
the factors 5 and 6 do not pass the rule-of-thuambafstrong instrument, as the F-

value is smaller than 10 (Stock and Watson, 2003).
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Subsequently, a test was carried out to examinghghé¢he inclusion of behavioural
variablesz induces endogeneity bias in regressions A, C andHe results of a
Wald-test —under the null hypothesis of exogeneity— usingwéigs two-step
estimator, does not lead to rejecting the null higpsis in all cases (bottom rows
Table 2.8). Unfortunately the likelihood functiome$ not converge for the case in
which all endogenous regressors are instrumentadlisineously. Nevertheless, the
negative effect of hired labour in regression Asuspect, since the causal effect of
using hired labour on efficiency levels is expedizthe positive. We therefore carried
out a separate regression in which only hired lab®unstrumented. This led to a
rejection of exogeneity of this parameter (p=0.08)r which we instrument
(regression B). It shows that the partial effechwéd labour on technical efficiency
levels is indeed positive as expected. Since ndribeotests reject the exogeneity of
the behavioural factorg, we conclude that including them does not affdut t

consistency of estimating (23).

2.5 Discussion and Conclusion

This chapter makes a contribution to the unbundbihgersonal goals and preferences
and farm productivity in rural areas of Sub-Sahahdimca. To this effect we relate
heterogeneity in farmer production goals and pesfees to allocative and technical
efficiency levels.

A number of other studies have related farm efficielevels to household
characteristics, thereby assuming such variablis éxplain differences in personal
goals and preferences. Our results suggest howdaar the inclusion of both
household characteristics and farmer goals andemmetes, i.e., behavioural
variables, gives an improved explanation of obskrdéferences in allocative and
technical efficiency levels. Furthermore, since yorpart of the variation in
behavioural variables is explained from househdidracteristics, omitting farmer
goals and attitudes from an efficiency analysidikely to induce some degree of
omitted variable bias. On the other hand, the gesshof-fit measures suggest though
that the level of additional variation explainedm®derate, and the total bias due to

omitted behavioural factors is not likely to bew&arge.

2 A Durbin-Wu-Hausman test was used in the OLS s=jos D.
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Unfortunately, since many household and regionafatteristics correlate both with
behavioural factors and efficiency levels, the idemation of variables to instrument
for the potentially endogenous behavioural varisildecomplicated. Nevertheless, the
Wald tests on exogeneity of the behavioural vaeslalre not rejected.

In the analysis presented we compare three differazasures of efficiency:
technical efficiency, profit allocative and foodlaaative efficiency. The two
allocative efficiency measures used, are includetiva extreme cases between which
farmers operate: participation in all or exclusfoom all markets. The results from
both efficiency measures suggest that most farmergelatively food efficient and
only few are profit efficient. Hence household sepdity holds only for a small
number of farms. This is similar to Carter and Y2002) who found that separability
holds for only 20% of their sample in rural Chifurthermore we find that non-
separability not only results from household chemastics directly, but also from
personal goals and preferences. A few behavioacabfs stand out.

First, levels of risk aversion do not affect tedahiefficiency levels, but do
affect food allocative profit allocative efficiencifor example, the analysis of profit
allocative efficiency shows that households withatreely high asset ownership
display higher levels of profit efficiency. Levets profit efficiency are, however,
lower for households facing higher levels of rislemion, conditional on the asset
level. Furthermore we do not find a strong reladlop between level of assets and
levels of risk aversion (similar to e.g., Binswang&980). Our reduced form
estimations do show that risk aversion levels imoasehold mainly depend on the
location of the household, whereby risk aversiocreases for decreasing levels of
rainfall.

A second effect is found from the factor indicatithg need to fulfil subsistence food
demands from own production, which lowers levelspaffit allocative efficiency.
This behavioural factor is strongest in the mostiated location, contrary to a
location close to the major urban centre, Kano. rAgeom age, no household
characteristics appear to relate to this factod, the total observed variation remains
largely unexplained from the variables included.cédlo believes and personal
perceptions, such as status and pride, might fuetglain this finding.

Finally, a factor expressing a desire of being@sssful farmer explains both

food and profit allocative efficiency negativelyhi§ is a somewhat puzzling effect
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and possibly farmers, for whom this view is stragtgaim for an objective other than
food production or profits.

The observed effects on technical efficiency analar to other studies. Farm
qguality strongly explains higher levels of techhicficiency, as documented
elsewhere (e.g., Sherlured al, 2002). Furthermore the goal to minimize laboug us
negatively affects technical efficiency levels. 8arly, in Chapter 4 we observe in
the same region that the land to labour ratio emplalifferences in technical

efficiency of sorghum production, after correctiing heterogeneity in soil fertility.

We are not aware of any studies that quantify begemeity in farm attitudes in SSA,
neither of any studies incorporating such attitudesan agricultural productivity
analysis, while similar studies in a developing oy setting are sparse. Solagtoal.
(2006) did relate farm-decision-making profilesperformance of smallholder farms
in Costa Rica. While they did not quantify the telaship between a farmers’
environment to his goals and attitudes, they dd &n indirect relationship between
decision-making profiles, which affect managemaeaxidators, which in turn affected
various farm performance indicators. Contrary to msults, however, they did not
find a direct relationship between technical effi@y levels and farmer goals.

Given the significant effects found on efficien@yéls in our study, those by
Costa and Rehman (1998) and Solano (2006), asaw/éile growing body of research
describing the presence of heterogeneity in detisiaking profiles in developed
countries (e.g., Ondersteigt al. 2003; 2006; Basarir and Gillespie, 2006; Hanson,
2007), it clearly deserves more attention in faewel research in developing
countries. However, the approach followed in thesearch raises some additional
issues.
First, the large number of factors identified sugljgahat a complex combination of
factors describes the different nuances of attgudeals and preferences observed.
Only a limited amount of variation in attitudes ctually be explained from the data
on farmers’ background. This could be related tubfams in data collection, but we
feel is unlikely as the methodology was pre-testgténsively in non-sample areas.
As a result the questions and fuzzy pair-wise mgkwere such that as little
information would be lost in translation. Furthemaoit could be that the scale used

for the questions is too small to capture all nesn©n the other hand it is doubtful if
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it would have been possible capturing more refinednces of low-educated farmers
with a more elaborate scale.

Even though only four of the identified behaviounariables actually
correlate with efficiency levels, it makes the desof empirical surveys, aimed at
replicating similar research in other areas, dificWhile behavioural differences in
labour use and risk aversion are known to affeoctpction decisions, we are not
aware of other studies documenting the productietfects of, for example, the
degree of subsistence orientation of a farmer. &tbhes further research by
economists and other social scientists should méterwhether the goals identified in

this research, indeed describe the minimum releserfior productivity analysis.
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Heterogeneity in farmers’ production decisions andits
impact on soil nutrient dynamics: Results and impkations

from northern Nigeria .

" This chapter is under review as:

Berkhout, E.D., Coulibaly, O., Schipper, R.A., M&aulen, H. Heterogeneity in farmers’ production
decisions and its impact on soil nutrient dynamiRassults and implications from Northern Nigeria.
Submitted.
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Abstract

Sustainable use (in terms of nutrients) of soibveses by farmers in Sub-Saharan Africa is
constrained by institutions and markets. This olapkplores the case of Northern Nigeria
through a recent approach, using a combination oftidobjective programming, multi-
attribute utility theory and bioeconomic modelling/e find that farmers with larger land
holdings place more emphasis on gross margins asthisability. Contrary to other
bioeconomic studies in similar regions, we findipes nutrient balances for some of these
market-oriented farmers. Risk aversion, operatieadl through variance minimization,
appears an important attribute in this study fomynéarm households with smaller land
holdings. Subsistence production of cereals is danti in such farm plans that lead to
negative soil nutrient balances, especially foapsium. This could potentially be alleviated
by adoption of well-designed technologies for fa&ragroduction, residue and manure
management. Farmers who place a large importangeo®s margins in their utility function
are likely to benefit most from policies aimed atancing profitability through improving
the functioning of markets. The large group of reskerse farmers will have the largest
immediate gain in utility from policies and techogies aimed at lowering production risk in
high-value crops. Additional policies aimed at tirgaa stronger market—oriented production
by the least-endowed farm households could plagleain reducing intensity of soil fertility
mining. Under these conditions, the efficient criogppattern shifts (partially) from cereal
cropping to high value crops, associated with higimput use. The approach followed
allowed us to identify heterogeneity in productgirategies and to quantify differences in the
use of soil nutrient resources. While the obtairesiilts are similar to those of other studies,
they appear sensitive to the type of cropping d#/included in the analysis, and additional
methodological research is required. Extensiorte@itised method should further account for
temporal and spatial differences in soil fertilitgading to differences in nutrient uptake and
production, as well as potential temporal heteredgn in production strategies.
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3.1 Introduction

Population and income growth in the savannah reganwWest and Central Africa
(WCA) lead to an increase in the demand for foamtpcts, a decline in the available
arable land and reduced length or absence of fapjewods, while soil fertility
steadily declines (e.g., Gillat al, 2006). The latter results in a decrease in mitrie
holding capacity of the soil profile, deterioratioh the soil surface structure and a
reduction in infiltration capacity. This procesadis to declining yields, and a likely
increased occurrence of pests and diseases.

Hence, soil nutrient mining, i.e., the gradual dexlin soil fertility, is
considered one of the most important constraintgatds increasing agricultural
production in many parts of Sub-Saharan Africa (8Ad the Savannah regions of
WCA in particular (e.g., Heerinkt al, 2001b; Sangingat al, 2003). Agricultural
research has focused therefore on developmentmbirad farming systems for the
Savannah regions with special emphasis on maintenafrand/or improvement in the
quality of the soil resource base.

Results of recent studies suggest that sustainaddeof soil resources in
agriculture in many areas of SSA cannot realidiidad achieved without institutional
changes and improvements in the functioning of eiari(e.g., Savadogo, 2000;
Rubenet al, 2001; Stroosnijder and Van Rheenen, 2001; dtes, 2006; Woelcke,
2006). The results of Woelcke (2006) in analyzihg impact of improved farming
systems in a bio-economic model, suggest that ipesihutrient balances for
smallholders in Uganda are economically infeasiatbout policy changes.

To tackle interdisciplinary problems of sustainabke of soil resources in
agricultural production, so-called bio-economic misdhave been applied widely.
Such models, basically integrating economic farnmusetold models (FHMS)
(Schweigman, 1985; Singtt al, 1986) and biophysical models from agronomy and
soil sciences (e.g., van Keulen and Wolf, 1986¢, powerful tools for simulating
farming in its complex environment, and can theretoe used foex anteassessment
of new technologies and policies.

Bio-economic models have been applied in variogsre (see Heerin&t al,
2001a). A FHM forms the decision structure in maggplications (e.g., Sissoko, 1998;
Kruseman, 2000; Shiferaet al, 2001; La Roveret al, 2005), but some use decision
rules (Struif Bontkes, 1999) or are village-levglpbcations (Barbier, 1998). All
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applications focus on nutrient depletion, some rekel with soil erosion, where a
(dynamic) nutrient balance describes soil nutrigymnamics (e.g., Shiferawt al,
2001). The underlying concept in these applicatisn® incorporate the rate of soill
nutrient mining into an economic decision-makingnfiework, which then becomes a
decision variable.

Farm households and farming systems in SSA areactaized by a high
degree of heterogeneity in livelihood capital atrdtegies (e.g., Ellis, 2000). Social
differences in wealth, source of income, endowmeant¥or status, or, more general
differences in livelihood strategies, as well a®doiction potential, population
pressure and market access further differentiate faouseholds. These typological
differences, or differences in assets, may haveargel effect on the household
priorities, while livelihood strategies may evendifferent for farm households with
equal livelihood capital. Hence, preferences atddo important production criteria
(attributes) such as gross margin, are likely féedi Consequently, heterogeneity in
the decision-making structure of farm householdbkesrule rather than the exception,
and the degree of soil nutrient mining/replenishimsnlikely to vary among farm
households. Therefore, potential heterogeneityradyction attributes amongst farm
households should be included in a bio-economicehatinssen and Van Ittersum
(2007) equally stress the need to better refletahdarmer decision-making in bio-
economic models.

Romero and Rehman (2003) provide an overview of gkiensive use of
multiple production attributes in Mathematical Pagming-based FHMs.
Nevertheless, only a limited number of bio-econostiedies used a multi-criteria
approach (e.g., Barbier, 1998; Kruseman, 2000; &xy@ 2000; Laborte, 2006). In
most of these studies, homogeneity in preferermemltiple attributes was assumed
for different farm typologies.

Evidently, some production strategies are lessrdefital to the quality of the
soil resource base than others. Hence, by idengjfygasons why “better” (i.e., more
sustainable) production strategies are selectedebyin types of farm households,
better policies and technologies to achieve sustdénuse of soils in SSA can be
designed and advocated.

To examine whether heterogeneity in preferencespfoduction attributes
among farm households exists and whether that meakiégerence in terms of the use

of soil resources, we follow a four-step approaEirstly, we construct a bio-
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economic simulation model linking soil nutrient &#ates to household production
decisions in the region of study.

Secondly, we are interested in determining thectffef various production
attributes on soil resource use. We therefore ifjerfeasible Pareto-efficient
production sets for representative farm househaoiddifferent locations by using
Multi-Objective Programming (MOP) (e.g., Ballestemad Romero, 1998). Pareto-
efficient sets are defined as feasible combinatafrtsvo or more attributes, such that
it is not possible to improve any of the attribut@ghout negatively affecting
(an)other(s). Hence, these efficient combinatioglné trade-offs between attributes
and for this purpose we defined a number of atteibithat are likely to play an
important role in farm households.

Thirdly, we are interested in determining which gurotion attributes are
considered important by farm households, and hay tiffer across households. We
therefore use the Pareto-efficient set, in commnatvith observed cropping patterns
at farm level to identify preferences, through nalized weights, for different
production attributes for each individual farm helsld. For this process we use
Multi-Attribute Utility Theory, based on the appaaproposed by Gomez-Limaet
al. (2003; 2004).

Finally, cluster analysis (e.g., Haet al, 1995) is used to group farm
households based on their respective weights, teoromsights in possible underlying
factors explaining differences in weights, and nalgse how these differences affect
soil resource use.

We use this approach to analyse heterogeneity adugtion decisions and
their impact on soil resource use in the Savanriablasthern Nigeria, a region
characterized by strong land use intensificati@duced fallowing and associated
problems of soil fertility decline, while at themsa time it is a major food production
region in West-Africa (e.g., Okiket al, 2001).

In the next section we review literature using mplat attributes in bio-
economic studies. Section 3.3 describes the appiethodology, Section 3.4
elaborates on the data and location, Section ®5epts the results and Section 3.6

discusses and concludes.

71



Chapter 3

3.2 The use of multiple attributes in bio-economieodels

Farm households in SSA may have several, someticoedlicting, production
objectives or attributes. Among other things, ldjty requirements, desire for leisure
time, risk aversion, food subsistence requiremants consumption preferences may
play important roles. To incorporate these différehjectives or attributes in the
analysis, a number of variations on classic farnuskbold models have been
proposed. Schweigman (1985), Hazell and Norton §L28d Singh and Janakiram
(1986) simultaneously introduced the basis for nfastn household models used
today. The latter discussed household models fro@canometric perspective, while
the former two focused on mathematical programmapgroaches. The common
structure is a constraint set, based on land, labad capital availability, and an
activity set, combined with a utility function basen expected income or gross
margin. Singh and Janakiram (1986) included leissgea component in the utility
function, to account for farmers’ desire of usingnmmum amounts of labour to
achieve certain income levels.

Approaches to incorporate risk in a FHM usuallyrtsfeom the expected
utility criterion, maximizing the expected value af utility function, whereby a
personal risk attitude is included in the utilitynttion (e.g., Hardakest al, 1997).
This is the most frequently used approach in amadyzoil fertility problems in SSA
(e.g., Kruseman, 2000; Deybe, 2001). Another ambroa to consider the first two
moments of the Taylor approximation, i.e., expeotatlie (E) and variance (V) of
gross margins. This leads to the class of E-V awogning approaches, such as the
(target-) MOTAD method (Hazell, 1979; Tauer, 198t Barbier (1998) used in
simulating soil resource use at aggregated villagel. Nevertheless this approach
still requires assumptions on the levels of riskraion present.

Subsistence consumption requirements are frequemtborporated as
inflexible constraints, and a utility function cooged of attributes other than food
production is optimized. This is referred to as th@imization of lexicographic
utility, or the maximization of free disposable amse (e.g., Laborte, 2006; Woelcke,
2006). It is thereby assumed that a farm housealwdys aims at meeting its food
subsistence demands first, either through own pmtoolu or market purchases, and

subsequently optimizes other attributes such assgrargin.
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Frequently, the importance of multiple attributess Hypothesized, but the exact
decision structure is unknown. To avoid making agsions on their relative
importance, researchers have used Multi-Objectikag@mming (MOP). MOP is
then used to determine a pay-off matrix, consistigdeal (best) and anti-ideal
(worst) outcomes of various attributes and Paréiokent production sets, i.e., sets
with feasible production points whereby it is naispible to improve any of the
attributes without negatively affecting (an)othgr{Ehe advantage is that it allows the
determination of trade-offs between attributesheutt makinga priori assumptions
on the preferences of the farm household.

Stroosnijder and Van Rheenen (2001) document thelojgment of a MOP to
determine a pay-off matrix in a village in Burkif@so, with gross margins, crop
production, livestock production, erosion and rgan losses as attributes. Based on
this work, Van Paassen (2004) implemented a cavegr approach to guide
discussion between policy makers and farmers ategfies to accomplish sustainable
use of soil resources.

Maatman (1999), analysing subsistence farmers irkiBa Faso, follows a
different approach in which a multi-objective fuioct is optimised. This function
consists of the minimization of nutrient deficitairohg the dry season and the
subsequent harvest period, minimization of subst&tecereal requirements and the
maximization of revenues from sales. Deficit instimodel is defined as the largest
deficit under different potential weather outcomé&sirthermore, weights in the
objective function can represent different levelspoeferences for a farmer under
study.

In this study, we are interested in determininghbtite effects of various
production attributes on soil resource use, andptioeluction attributes considered
important by farm households. Gomez-Limatmal. (2003, 2004) proposed the use of
Multi-Attribute Utility Theory (MAUT) for the latte purpose for farmers in Spain,
considering gross margin, variance, labour and mase as attributes. MAUT has
been used in various instances in agriculturalareseto elicit preferences for various,
sometimes conflicting, attributes (e.g., Hardadeal, 1997; Van Calkaet al, 2005;
2006).

In this chapter we follow the approach used by Goineon et al. (2003;
2004) who assume that each farm household maxinazéeear additive utility

function of a household-specific combination of riatites. This concept is
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theoretically attractive and allows determiningniahousehold-specific weights for
the various attributes, by using simulation resaltgl observed cropping patterns.
However, its practical application is hampered bythe necessity of mutual utility
independence among the attributes, and 2) theresgant for the weights used in the
Multi-Attribute Utility Function (MAUF) to sum updad one (e.g., Ballestero and
Romero, 1998). While the utility independence regmient is difficult to ascertain in
practice, Huirne and Hardaker (1998) found the ltesiitom a MAUT analysis,
assuming utility independence, to be close to tte@sions. Hence, they suggest that

the error is likely to be small when the indeperaeassumption is not fully met.

3.3 Methodology

In this chapter we apply a combination of MOP andU to examine the effects of
heterogeneity in production strategies on soilues®use by rural farm households in
Nigeria. By using MOP we obtain valuable information trade-offs between soil
resource use and production attributes, while syues# application of MAUT allows
determination of farm household-specific preferenfe each of the attributes, thus
identifying farm households that are more sustdenttian others due to heterogeneity
in production preferences. Finally, we group farauseholds with relatively similar
preferences by using cluster techniques and digbesegesulting soil resource use of
the various groups.

While this allows us to determine the parametershan utility function for
each farm household, a drawback remains that thdittle flexibility in the decision
structure itself. While it might be appropriate assume a lexicographical utility
structure for some farm households, to satisfy istdrsce needs first, this may not be
the case for others. Unfortunately, no solutiomeigdily available to overcome this
problem and we include subsistence needs as araimngbr all households, which
should be met through either farm production orkatpurchases. In the remainder
of this section we describe the details of the Mimdeapproach, while we discuss the

data sources in Section 3.4.
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3.3.1 Bio-economic model description

A farm household model, including a soil nutrierstidnce, forms the base of the
analysis. The decision variables reflect the fareaalevoted to each of the included
land use options, as well as total production afheaf the crops. Other decision
variables include monthly decisions on consumptiou,chases of inputs; sales of
harvested products; contracting small loans; hirriglabour; and/or engaging in
agricultural wage labour on other farms.

The constraint set is chosen such that it accyrateflects the real-life
constraints faced by the farm household. The mairsttaints limit the use of land,
labour and capital. The total area devoted to &mel luse options should not exceed
farm size, which is subdivided into two land typepland fields and fadama fields.
Fadama fields are situated in riverbeds, thus chenaed by high moisture
availability, and provide ideal conditions for guditing crops such as sugarcane and
rice.

The sum of labour requirements for the selected lase options each month should
not exceed total household labour supply, includmged labour, minus labour
devoted to off-farm activities. Household memberan cengage in off-farm
agricultural wage labour, available in the regidmabour spent on off-farm
agricultural wage labour is limited to 10% of themthly available labour, to reflect
labour market imperfections.

A capital balance keeps track of the monthly cémtatus. Revenues from
sales of crops and wage labour are added, and dypess on agricultural inputs,
such as fertilizer and hired labour, as well aseexiitures on market-purchased goods
for consumption are subtracted. Based on informatiom key informants in the
locations surveyed, a small and limited informadital market was included, creating
the possibility of contracting small loans, while formal credit facilities are present
in the area of study. Finally, the minimum food uggments of the family in the
target year, the period between two successiveekiperiods, should be met either
through domestic produce; market-purchased goods higher price reflecting
transaction costs; or a combination of both.

Balance equations keep track of the annual changesitrogen (N),
phosphorus (P) and potassium (K) stocks, in deper@ef the production plan, as
described in Equation (33) (Appendix B). For cadtulg this attribute we use the
method as described by FAO (2004b). We include @dssutrients through erosion
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(sne) and deposition by wind and raian@) as parameters, assuming that these are
not influenced by the farm household. The other moments, dependent on the
production plan and thus under the influence of firen household are: nutrients
added through inorganic fertilizerdlAFs); biologically fixed nitrogen by legumes
(BNFy); gaseous losses from applied fertiliz&L(Gs); and nutrients removed in
harvested productNLHs). Unfortunately, no detailed information on quées of
manure applied was available. We did not includeuma in the nutrient balance, but
we analysed total fodder production in order toaobtan upper limit on potential

manure production.

3.3.2 Simulation approach — Multi-Objective Progranming

The computational requirements of the MOP-model large and therefore an
approximation procedure was followed. Each attebig parameterised over the
interval delimited by its ideal and anti-ideal vadu All other attributes are then
optimised individually, which generates a humbecwifves based upon this interval.
Finally the convex envelope described by the poistselected. This envelope
contains feasible production points, based on tlopeasties of linear programming,
and represents a close approximation of the Pafétoent set. To determine trade-
offs between attributes, we calculate these setsafo average resource-poor
household in each location, which is identified dystering farmers with the main
resources as cluster variables. Although the Paféitbent sets are different for other
farm(er) types, the trade-offs, in which we areciiested at this point, are largely
similar.

Based on the studies described in Section 3.2, wase hselected four
commonly used attributes: (1) gross margin, catedlas the difference between the
value of harvested products and costs (fertilizpesticides; hired human labour;
hired animal labour). This attribute intends totoap the farm households’ needs and
preferences for financial resources; (2) variacoeputed as the total variance of the
expected market value of the production plan. Btigbute captures varying degrees
of risk aversion among farm households; (3) N-bedamlefined as the loss of N from
the farm, as explained in more detail above. Mangiss included this attribute to
model trade-offs between sustainability with regaed this attribute and other
production attributes. For farm households thatraoee concerned with maintaining

soil resources for future generations, it may bengportant attribute. The definition
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of the N-balance as the main criterion for sustailitg arguably does not capture all
aspects of sustainable use of soil resources, thmughosen to keep the analysis in
this stage as simple as possible; (4) total lalser as the total use of labour on the
farm, including hired labour. Equations (31) to X3@Appendix B) give the
mathematical notations of the attributes introducdtfour objectives were defined
in a maximization context; hence, the variance thed\-balance were multiplied by -
1 to reflect the minimization structure. In the mnder we refer to the attributes
defined by Equations (31), (32), (33) and (34) (apgix B) as Gross MargirtG(MN),
Variance YAR), Sustainability $US and Labourl(AB), respectively.

3.3.3 Simulation approach — Multi-Attribute Utility Theory

In the second step, we estimate farm households’idual utility functions by using
Multi-Attribute Utility Theory (MAUT). We assume #t for each individual farm
household, the utility function is an additive ftioa of the multiple attributes
defined by Equations (1).

The Multi-Attribute Utility Function (MAUF) that darm householdk [0 K
intends to maximizes described by Equation (3.1). The preference tdsvattribute
| O L is described by its normalized weight, , with wy O [0,1]. Moreover,f; (X)
denotes the partial utility attained for attributender farm planX. Whenw, = 0,
attributel has no importance to farm househkldvhenw = 1, attribute is the only
important attribute to farm household When a farm household exclusively
considers production attributé important, its associated cropping choice and
production plan isXy, in which the area of the farm devoted to crap Xy. This
production plan defines one of the extreme poiftde Pareto-efficient set, already
generated with Multiple-Objective Programming. Imetsame way, all associated
cropping patterns of the extreme poiRiswere determined in the first step.

The observed farm plan for farm househdidis X'y, with allocation
coefficients to cropx . Following Gomez-Limoret al. (2003; 2004), we assume
that the observed production plan is a linear comtimn of the extreme points of the
Pareto-efficient set as given in Equation (3.2). 8glving the LP-program in
Equations (3.3) - (3.5) we obtain the weight%, in the MAUF of each farm

household.
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3.3.4 Statistical Analysis

Finally, we compute pair-wise correlations betweabe weights calculated and
various socio-economic variables. Subsequently weum farm households with
similar weights on the basis of cluster analysi® Wge non-hierarchical clustering to
determine the appropriate number of clusters, hed tise the cluster centres as seeds
in a k-mean non-hierarchical clustering method (lgaal, 1995). As a final step, we
construct the MAUF for an average farm househotonfreach cluster, to identify

utility-efficient production plans and soil nutrigmalances.

3.4 Data and setting

We apply the above approach to three villages enNbrthern Guinea Savannah of
Nigeria (Table 3.1), lkuzeh (Kajuru Local Governrterndayin Dogo (Giwa Local
Government) and Danayamaka (Maikarfi Local Govemtpeall in Kaduna State.
These locations are selected because of data laliylfrom participatory agronomic
trials, carried out for a number of years by theednational Institute of Tropical
Agriculture (IITA).

The physical environment is characterised by ongy/rseason, from May till
October with average annual rainfall of about 1808 in Ikuzeh and 1000 mm in the
other two villages. A baseline survey (IITA, 2002pmprising 120 farm households,
was carried out in 2001 to collect detailed progurcinformation and socio-economic
characteristics. Available data include land usategy; yields; input use; farm size;
education level; household size; age of househedd hlivestock and asset ownership
(Table 3.2).
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Table 3.1: Selected characteristics of the villages

Ikuzeh Hayin Dogo Danayamaka

Households (number) | 102 82 unknown

Distance to main road |10 5 4

(km)

Fallow (years) 3 0 0

Land use intensity 62 % 100 % 100 %

Population density NA 250-340 170-210

(inhabitants per kmz)

Classification® Low population High population Low population
density Low market density High market  density High market
access access access
(LPLM) (HPHM) (LPHM)

Households included |35 29 32

in MAUF-analysis®

Source: Vandeplas (2001), population density from IITA GIS-laboratory

'Based on the classification proposed by Okike et al. (2001)

’A total of 120 farmers were included in the baseline survey. Some farmers disregarded
because of outliers or incomplete data

Table 3.2: Characteristics of the representative farm households

Location Unit | LPLM HPHM LPHM
(lkuzeh)  (Hayin Dogo) (Danayamaka)

Number of observations # 40 40 40

Tropical Livestock Units (TLU) owned | # 0.52 0.55 1.26
Household size # 6.17 6.42 5.21

The total stated value of assets $ 23 23 57

Total farm size Ha 4.28 1.87 4.40

Total fadama farm size Ha 0.45 0.00 1.04

None of the villages has its own market, but majarkets are relatively close to
Hayin Dogo and Danayamaka, while far from Ikuzehslobserved in the baseline
survey that farm size tends to be smaller in H&yago than in Danayamaka and
Ikuzeh, due to the higher population density in thener. Therefore, we classify
Ikuzeh as Low Population, Low Market Access (LPLMBayin Dogo as High
Population, High Market Access (HPHM) and Danayaana& Low Population, High
Market Access (LPHM), based on the classificatidik®et al. (2001) propose.
Sixteen crops, commonly grown in the study regieniacluded and a slightly
larger number of land use types, including theapwof using low or high fertilizer
doses, and possibilities of intercropping. Notiatlluded crops are grown in each
village. Therefore, some crops do not figure in atlenarios. Fodder yields
incorporated are derived from the grain-foddemosatised by Savadogo (2000).
Detailed data on labour use; basic information onsehold consumption;
data on the informal credit market; and data onatpecultural wage labour market
were collected in 2005. Soil data collected in I$rigNwoke et al, 2004),
complemented with data from literature (FAO, 2004dre used to determine the
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parameters in the nitrogen balance equation. harnat values of crops are taken
from FAO (2006), while estimates on household epard protein requirements are
from FAO (2004a). Average market prices for eachmmmdity for each month in
2001 were provided by the Kaduna Agricultural Depehent Program (KADP). We
use different prices for sales and purchases ohwaaiities, based on observed price
differences between rural and urban markets, oermdwvailable, between farm gate
and rural markets from neighbouring Kano State. difierences are small for the
major grain crops, with urban market prices 2% érgihan rural markets, and up to

40% for vegetables and other high-value crops.

3.5. Results and Discussion

3.5.1 Determining Pareto-efficient sets

The simulation results in the first step (Table)3Bow that for different production

attributes, cereal production constitutes the mpgot of all farm plans in the LPLM-

domain, while high-value crops only play a marginale in most farm plans. The
exception occurs if labour is minimized; then oksagarcane and fonio are grown.
The low labour requirements of fonio are confirmadinterviews, while sales of

high-value crops allow purchase of additional stapbods in order to meet

subsistence requirements.

In the LPHM and HPHM-domains, the Gross Margin- éuktainability-
efficient farm plans mainly consist of vegetablesl degumes. Because vegetables
have higher gross margins than other crops andveebggher amounts of fertilizer,
while legumes fix nitrogen, these plans are more @ustainable and yield higher
monetary returns. Market-purchased cereal produett subsistence requirements.

From these simulations we calculate pay-off masrite quantify trade-offs
between attributes and soil resource use (Tablg FHe top row indicates the
attribute that is being optimised, while the roweow give the resulting values of
each attribute in the three locations.

The results indicate that in all three locations itlifficult to realize positive
nitrogen balances (Table 3.4). Only for the Sustaility-efficient farm plans in the
LPLM and HPHM-domains, and for the Labour-efficiéatm plan in LPLM, positive

values are calculated. Nitrogen balances are dirowegative in the LPHM domain,
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where farms are large (Table 3.2). Farm plans Her Sustainability attribute in the
HM-domains consist almost completely of vegetables legumes (Table 3.3).

The pay-off matrix shows that Sustainability-e#ict farm plans show
positive N-balances in two of the three domaing #irat in both these cases Gross
Margins are better than, or similar to those foriaface- or Labour-efficient farm
plans. In both the LPLM and LPHM domains, the Grivkwrgin-efficient plans are
associated with negative N-balances, but less megétan for Variance-efficient
plans. Thus, an increased household focus towardssGMargin -though at the
expense of increased variance- could be benefmiaustainable soil resource use in
these locations.

From the payoff matrices some important patternsergm First, in the two
villages with higher market access, the Gross Margnd Sustainability-efficient
farm plans perform very poorly with regard to Vaga and Labour, due to the shift
to high-value crops. These crops are generally rfatreur-intensive and have more
variable yields. Hence, while the Gross Margin &adtainability farm plans are more
sustainable with respect to soil resource use, Hreyunrealistic for strongly risk-
averting farm households. Furthermore, the Sudtdityaefficient production plans
are unattractive with regard to the ideal valu&obdss Margin, though comparable to
Gross Margin in Variance-efficient farm plans inm@domains.

Hence, a reduction in yield variability of cropsogmn in the Sustainability-
efficient plans, for example through technologyelepment, might persuade strongly
risk-averting farmers to adopt more (N-) sustaiedhim plans.

We further analyse the nutrient balances by detengiranges in annual soll
nutrient balances. These ranges are defined byer loound, in which all fodder and
(above-ground) plant residues are exported fromfigdd, and an upper bound, in
which they are left in the field. Figures 3.1, &&d 3.3 show the results for N, P and
K, respectively, for both the Gross Margin and ¥age attributes.

Wide ranges, especially for the Variance-attribuegresent situations with
cropping patterns consisting of crops associated igh fodder production, mainly
cereals. The results show that the upper boundgemerally weakly negative or
positive in a few cases. Recycling of fodder, tlgtoumanure production, could
technically -assuming zero-loss in manure produg¢titorage and transport- provide
nearly sustainable solutions. However, given thavoidable and sometimes large

losses in manure and/or compost production, stonagesport and application (e.g.,
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Rufino et al, 2006), the figures make clear that additionatgaaic fertilizer remains

necessary to achieve sustainability in terms dffedility.

Nitrogen (N) balances
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Annual change in N-balance (kg/ha)

Figure 3.1: the range of the nitrogen (N) balances for maximization of gross margins and
minimization of variance of the production plan. The lower bound represents the case in
which all crop residues are removed from the field; the upper bound the case in which all crop
residues are left in the field.

In both the LPLM and LPHM domain, the lower bouradsthe balances for Gross
Margin are higher, i.e., more sustainable, thasdhor Variance. Again this is due to
the (partial) shift from cereals to high-value @opuch as vegetables, and the
associated higher input use, except for the HPHWaln, where more legumes, with
lower levels of fertilizer application, are chosienthe Gross Margin-efficient farm
plan.

By using the Multi-Objective Programming approacksctibed, Pareto-
efficient sets are constructed in Figures 3.4 ald Since more than two objectives
are assumed, it is not possible to graphically gareshe complete Pareto-efficient
space. The figures therefore depict intersectiohshe Pareto-efficient object in
hyperspace.

Figure 3.4, illustrating the trade-off between tl@g&ross Margin and
Sustainability attributes at the upper boundarygwshthat in the LPHM domain,

positive N-balances are infeasible. In the other tlomains, some Pareto-efficient
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solutions are sustainable with regard to N-balanasswvas already shown in Table

3.4.

Phosphorus (P) balances
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Figure 3.2: the range of the phosphorus (P) balances for maximization of gross margins and
minimization of variance of the production plan. The lower bound represents the case in
which all crop residues are removed from the field; the upper bound the case in which all crop
residues are left in the field.

Potassium (K) balances
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Figure 3.3: the range of the potassium (K) balances for maximization of gross margins and
minimization of variance of the production plan. The lower bound represents the case in
which all crop residues are removed from the field; the upper bound the case in which all crop
residues are left in the field.
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Pareto-Efficient Sets
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Figure 3.4: the Pareto-efficient production set for an average farmer in each location of study.
The Pareto-efficient set is composed of all feasible production plans, valued in terms of gross
margins and the resulting nitrogen balance.

Moreover, the right-hand side boundaries of theet@aefficient sets are steep,
indicating relatively small initial trade-offs, whamoving away from the ideal value
for Gross Margin. In other words, if small reduasoin Gross Margin are acceptable
to farmers, N-sustainable production farm plandeasible.

The trade-off between Variance and Sustainabifigyre 3.5) again shows
that the Pareto efficient set in the LPHM-domairlyocontains negative nitrogen
balances. For the other domains, the optima fotaBability have high variances.
The trade-off between Sustainability and Variara® given by the boundary of the
sets on the left-hand side, is steep as well, atohg that if small increases in
Variance are acceptable, N-Sustainability is fdasib

As mentioned, Figures 3.4 and 3.5 are relevansitoiations in which only
two attributes are relevant to a farm householdmight well be that the farm
household considers more than two attributes, aydpaint within the sets shown
(though on the edge of the Pareto-efficient objachyper space) can be Pareto-
efficient. Hence, the next section looks in mortadénto the differences in priorities

set by individual farm households.
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Pareto-Efficient Sets
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Figure 3.5: the Pareto-efficient production set for an average farmer in each location of study.
The Pareto-efficient set is composed of all feasible production plans, valued in terms of
variance of the production plan and the resulting nitrogen balance.

3.5.2 Determining weights of a MAUF.

We apply the MAUT-methodology (Section 3.3.3) tdb Itbuseholds out of the 120
households in the dataset. We disregard 15 houwdeHadm the analysis due to
incomplete input-output data. Out of these 105 &snthe model is initially
infeasible for 21 farmers. This group is furthealysed in two ways. First, the level
of nutrient requirements is reduced to 70% of tA&®©H2004a) standards, since the
data collected on off-farm income could be an ueskimate for some farmers.
Secondly, we have reduced the farm size, a bindimgtraint in the simulations for
some farmers. After simulation we scale the sinnutatesults proportionally to equal
actual use of farmland, as stated in the surveliss @llows us to use data for an
additional 8 farmers, while data of 13 farmers adrbve used further. Unfortunately,
the methodology used cannot be modified to estirttaeattribute-weights for this
group without making highly arbitrary model changssich as further reducing

subsistence levels or assuming higher levels efaofh income.
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Weights in MAUF
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Figure 3.6: Average of calculated weights for four production attributes included in the multi-
attribute utility function in each location of study.

Figure 3.6 presents the weights of the variousbates in the MAUF, calculated for
each farm household and shown as averages pegeviks well as the total average.
In both villages with high market access, Variangethe most important, while
Labour plays a larger role in the low populatiomsley domain, where average farm
sizes are larger and labour shortages could arlse.average weight for Variance is
low in the LPLM-domain, where Gross Margin and Surstbility seem to be the most
important attributes for farm households. A likelyplanation is that in this domain
few high-value crops, with higher variances, werduded in the model, since these
were not observed in reality. Hence, by excludimgse options from the analysis, all
farm households appear to be less risk-averse ithaihe other domains. More
general, if different production matrices are im&d in the models, based on different
production methods across locations, it is not iptesso compare the results between
the different locations. This is a drawback of thethod, since the omission of certain
cropping options can influence the results.

3.5.3 Statistical analysis

In order to increase understanding of possibleofactinderlying heterogeneity in
farm household production plans, we analyse theghtgias follows. First, we
determine pair-wise correlations between the wsigititained and various socio-

economic variables, as well as between socio-ecanwoariables, per village and at
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aggregate level (Table 3.5). Secondly, we use @lingf methods to determine groups
with homogeneous production attributes.

The aggregate correlations in Table 3.5 show tHassrisk-aversive attitude
is associated with a high focus on Gross margirddoanSustainability, given the
negative correlations. Furthermore farm size catesl negatively with Variance
minimization, indicating that farm households wgmaller land holdings cannot
afford strong variations in production, as that \daihreaten food security.

Farm size and completion of primary education dateepositively with a
stronger focus on Gross Margin, since larger faaittav farm households to produce
for the market in addition to subsistence produrctieurthermore, weights for Gross
Margin correlate negatively with herd size and pesly with other income sources.
These results seem conflicting. A larger herd cogksherate the necessary cash
resources, while cropping serves food subsistendeaaimal fodder requirements,
hence a lower weight for Gross Margin. The sameairaent could hold for other
sources of income. On the other hand, both larged Isize and off-farm income
improve the financial status of the household, ghgr allowing higher farm
investments and a stronger focus on Gross Margiergéion on the farm.

A stronger focus on Sustainability tends to be eissed with older and better-
educated farmers. On the other hand, other incomuecss and the weights for
Variance and Labour use minimization correlate tegly. This suggests that
farmers with a stronger off-farm focus tend to égslconcerned with Sustainability,
possibly since farming is not their only or primaagurce of income.

Moreover, high emphasis on Sustainability goes@Mith increased fadama
ownership, allowing the cultivation of high-valueops associated with higher input
use with positive effects on soil nutrient balandésally, a stronger focus on Labour
minimization is positively correlated with livestoownership. This suggests that
some farmers choose farm plans which are low inired labour, in order to invest
in, or because they have labour fixed to livestactvities.

The correlations at village-level largely tell tsame story. In théPLM-
domain however,_abour use minimization correlates negatively vinénd size, assets
and household size. Probably the desire to incraaadable leisure time plays a role
in these relatively rich households that are likelyhave less problems in meeting

subsistence demands.
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Heterogeneity in goals and preferences and sdiilitgrmining

The results of the cluster analysis (Table 3.6nstwat some of the clusters (i.e., clusters 1
and 5) seem to be specific to one location, althoufiage membership was not a cluster
variable. All farm households (but one) in the LPiddmain are members of either cluster 1,
2 or 3, with high attribute weights for Gross Mardcluster 1) and moderately to high
weights for Sustainability (clusters 2 and 3). lusters 1 and 2 farm sizes are relatively large,
allowing farmers with less concern for subsistepeceduction to aim for higher Gross
Margins and/or Sustainability. Average labour sygpl agriculture is highest amongst farm
households in clusters 2 and 3, while off-farm meois slightly lower than in the other
clusters. Hence, these farmers depend more oruéigree and invest more in sustainable soil
use.

The majority of the farmers from the other two damaare grouped in clusters 4 and
5, whereby cluster 4 contains a large group ofngisorisk-averse farm households. Farm
households in cluster 5 have a strong preferengartts minimization of labour use in crop
production. In the latter cluster, herd sizes afatively large, household labour supply is low
and off-farm income sources are relatively highe Bhated value of assets and completion of
primary education of this cluster are among theelsiwhence it appears that diversification
into livestock and off-farm income, and the resigtineed to minimize labour use in crop
production, is a coping strategy for this group.

In the final step we construct an ‘average’ farnugehold for each cluster, with a Multi-
Attribute Utility Function and calculate the utliefficient farm plans, as shown in the lower part
Table 3.6. Clusters 2 and 4 are calculated fotwloelocations in which members were identified. The
results show that soil nutrient mining is utilitffieient for all clusters, except for some farmans
cluster 2 and all farmers in cluster 3. In all otlokusters at least one of the nutrient balances is
negative. All nutrient balances are negative foossrMargin-optimising farmers in cluster 1 and
Labour-minimizing farmers in cluster 5. Potassiumd @hosphorus balances are strongly negative for
the risk-averse farm households in cluster 4. Thislated to the high share of cereals in the farm

plan, of which the straw that is exported fromfiletd is rich in potassium.
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3.6 Discussion and conclusions

We show that emphasis on different productionlaitgs yields different farm plans,

with the associated differences in soil nutriedaibees. Although many studies relate
farm plans to soil nutrient balances, this is tingt time that observed differences in
production plans, production preferences and sdilient balances have been related
to each other for farm households in SSA.

The results of this application of MAUT in SSA yelnteresting insights;
however three points deserve additional methodokbgesearch. Firstly, the weights
derived from applying the MAUT-methodology are citimthal on actual production
possibilities, market imperfections and differences subsistence requirements
between households. Hence the weights between faiimdifferent locations cannot
be interpreted and compared directly as differenocefarmer preferences, such as
those one would derive from an experimental apgro@cg., Binswanger, 1980).
Instead the weights reflect conditional or consiedi preferences. Even though the
estimated weights likely correlate with actual prehces, additional research is
required to determine the exact relationship, alt agedetermine their sensitivity to
changes in the model assumptions.

Secondly, the weights are sensitive to the aatiwitiand technologies
incorporated in the household model, as revealethbylow levels of risk aversion
identified for the isolated and poorest locatioitlé is yet known about the variance
and potential bias of the obtained estimates is thethod. Hence, a two-stage
approach in order to determine causal relationshypereby the weight(s) obtained
are regressed on a set of environmental variabbesid likely result in biased
estimates, similarly to the concerns of biasedpatar estimates in two-stage DEA-
approaches (Simar and Wilson, 2007). Consistent@uetric estimation of factors
affecting heterogeneity is likely to be plaguedtier by issues of endogeneity. This
needs to be addressed in additional methodologgsakrch.

Thirdly, in the modelling approach followed we didt address spatial and
temporal differences in soil fertility resourcesntB heterogeneity at plot scale (e.g.,
Titonell et al, 2007) and changes in nutrient balances over winfleaffect nutrient
uptake and crop yield. However, the primary aimtto$ research is to introduce a
method to account for behavioural heterogeneitg ibio-economic model in SSA,
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while the method itself can easily be extended rafided to account for such spatial
and temporal differences. Availability of multi-ped production data can thereby as
well be used to determine stability and/or changlethe estimated weights across

time.

Simulated optimal production plans for average wes®poor farm households in
different locations, varying in agro-ecological ddrons and market access, show
that soil nutrient balances achieved in producptans aiming at maximizing gross
margins and, evidently, maximizing sustainabildaye more favourable than in those
aiming at minimizing variance in production.

We find strongly negative lower bounds on the saiitrient balances,
especially for potassium, even for some Gross Maogiented farm households,
when it is assumed that all crop residues are ¢gggdrom the fields as forage. Upper
bounds on soil nutrient balances are positive imesasituations. However, more
research is needed to examine the efficiency dinelogies in which cereal residues
and legumes are recycled through livestock and meaptoduction under different
production attributes. These could possibly playnaportant role in realizing positive
nutrient balances, as well as in enriching soilthwirganic matter, a component we
did not address in our analysis because of the hiregleomplexity.

Both higher Gross Margins and higher Sustainabdéy be attained through
increased use of external inputs and a (partiaf) §sbm cereals to high-value crops
such as vegetables. However, the production vaianproduction plans with higher
Sustainability and/or Gross Margin is high, whiclight be unacceptable for risk-
averse small-scale subsistence farmers. Hencearsitton to more sustainable
production technologies is more likely when thé resssociated with growing certain
high-value crops is reduced, for example throughititroduction of varieties that are
less susceptible to drought, and the enhancemertaiomic incentives, such as
well-developed input and output markets, for examfadr agrochemicals such as
pesticides and inorganic fertilizers. Other pokciaimed at improving access to
commodity price information in rural areas, as wadl credit facilities to enable
cultivation of high-value crops by the least-enddw®ost risk-averse households are
likely to play a positive role as well.

Using MAUT, we identify broadly three groups of fars differing in
weights in their MAUF. Firstly, a group of well-eomled farmers with a stronger
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orientation on gross margins and sustainabilitidentified. An important finding is
that the utility-efficient farm plans of such farraeare associated with positive or
nearly positive soil nutrient balances. These fasneave higher levels of input use,
different cropping patterns, and reduced or evererted levels of soil mining.
Further enhancement of market functioning and tability of their farm production,
given the importance gross margins play in thempgosite utility function, will most
strongly benefit this group. This is in line witindings presented by Sissoko (1998)
and Kruseman (2000), which show that (input anghat)tprice incentives, as well as
credit facilities, can reduce the intensity of suihing, though these policies are most
effective in well-endowed households.

Nevertheless, while some farmers are sustainaliteregard to soil resources
in our base scenario, a large number of farmeroisHence, secondly, many farm
households with smaller land holdings are more enahble, as reflected in the
attribute-weight for Variance minimization. Thesarh plans are associated with
mostly negative nutrient balances. Negative soitrient balances are thus a
combination of strong risk aversion of many farnu$eholds and low orientation
towards market production. Hence, our findings ssgghat those farmers are caught
in a poverty trap with declining soil fertility stes. For these groups of farmers the
largest immediate gain in utility can be achievedréducing levels of variation in
crop production. Moreover, a reduction in yield igbility in the crops found in
sustainable cropping patterns leads to a win-wituaiobn with improved
sustainability and farmer utility.

Kruseman (2000) observed that the least-endowebsisance-oriented
farmers do generally not benefit from policies aina¢ improving the functioning of
input and output markets. The importance of Vagantnimization for the least-
endowed farmers as observed in this study, suggesell that such policies will not
benefit this group, unless production risk is redu@reatly. This finding should
further guide agricultural research in improvingpmping systems and designing
effective policies aimed at enhancing sustainabke af soil resources by the poorest
farmers.

Finally, a group of less-endowed farmers diversifie non-farm activities,
leading to an increased focus on labour minimizratio crop production, indicating
competing claims on labour resources for farmergagead in intensified livestock

production. Such farmers, albeit a small percentagé benefit most from the
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development of labour-saving technologies, sucimase efficient weed control in
high-value and labour-intensive crops, concurrengigucing labour use, increasing

Gross Margins and benefiting Sustainability.

The positive soil balances in some of the baselg@marios we find in this study, give
a more optimistic view than other studies (e.gss&ko, 1998; Woelcke, 2006), but
appear similar to those of La Rovesteal. (2008), who find a stabilization of nutrient
balances of better-endowed farmers over time ineNign Mali, Sissoko (1998),
Struif Bontkes (1999) and Kruseman (2000) all fmebative balances in simulated
base scenarios, while Woelcke (2006) argues thattip® nutrient balances are
feasible after certain policy interventions in Udanbut at greatly reduced profits.
The main difference with our results is that pesitbalances are found in the baseline
scenario, hence without further simulated policteimentions, such as improved
credit facilities or lowered transaction costs. WHhbobcation-specific characteristics
could play a role, a possible other explanatiothag this difference occurs due to the
modelling approach we followed, accounting for hebaral differences. Rubegt al.
(2001) note as well that bio-economic model outconaee highly sensitive to
assumptions on farmers’ behaviour. Clearly, théusion of identified heterogeneity
in farmer behaviour in the objective function istical for obtaining representative
model results and for deriving effective policyseanendations.

The outcome of this case study confirm results frother bio-economic
modelling approaches, that soil fertility declin@enoot be reversed solely by
technological innovation or appropriate policiest bthat a package of site-specific
innovations is required. Further research on thetrafiective policies to reverse soil
fertility decline amongst the least endowed houkishas therefore still required,
thereby explicitly accounting for behavioural hegeneity, in order to achieve

sustainable use of soil resources in the savarfraSAa.
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Assessing the effects of heterogeneity in soil feitty on

cereal productivity and efficiency in northern Nigaia .

" This chapter is under review as:
Berkhout, E.D., Coulibaly, O, Schipper, R.A., Kupbh®ven, A. Assessing the effects of heterogeneity
in soil fertility on cereal productivity and effemncy in Northern Nigeria. Submitted.
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Abstract

The inefficiency in agricultural production systerims Sub Saharan Africa (SSA) is well
documented. However production is dependent orralatail fertility levels, while this is not
always taken into consideration in production fiorctestimations. This could lead to
incorrect estimations of production efficienciese \Wherefore examine the potential of two
variables to proxy heterogeneity in soil fertilityhile evaluating efficiency in sorghum and
maize production in Northern Nigeria. Furthermave,test and correct for endogeneity of the
input variables included. Results show that thedusal fertility variables have significant
effects on production, although not always of tRpeeted sign. Secondly, the inclusion of
such variables plays a critical role in the idecdtion of inefficiency, as omitting such
variables leads to a false conclusion in the cdsenaize. Finally, variation in labour
availability is an important determinant of theffi@ency found in sorghum production. This
finding re-iterates the critical task for agriculili researchers to develop efficient labour-
saving techniques for smallholder farmers in Suba®an Africa.
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4.1 Introduction

A number of studies have estimated inefficiencysmallholder agriculture in Sub-
Saharan Africa (SSA) (e.g., Weir, 1999; Okike al, 2001; Alene and Manyong,
2006), by using a Stochastic Production Frontid?HSand Cobb-Douglas and/or
Translog functional forms. While these specificai@f production functions are very
popular with agricultural economists, they do matarporate insights in plant growth
from agronomy and related sciences, to accourdiftarences in soil fertility. Ruben
et al. (2006) note this problem as part of a criticafediénce in approaches between
disciplines, where economic studies primarily aitndafining marginal returns on
factor use, and biophysical sciences focus on ohatérg yield response functions in
heterogeneous production environments.

Indeed, low production levels on smallholder fanmsSSA are perceived as
the result of a combination of both agronomic andnemic factors (e.g., Lest al,
2006), while spatial diversity in soils at farmpot level is common (e.g., Vanlauwe
et al, 2002; Tittonellet al, 2007). Hence heterogeneity in soil fertility aambnomics
of factors should both be accounted for in produrctunction estimations.

Bioeconomic production functions in agriculture bakeen proposed and
developed. Many studies start from the Von Liebjget of production function,
incorporating Von Liebig’s principle of the limitinsoil nutrient, which is relatively
in shortest supply (e.g., Ackello-Oguét al, 1985; Paris, 1992). Other approaches
distinguish between growth-related inputs, sucHaasl and fertilizer, and growth
facilitating inputs, such as labour and capitalg@gfeiet al, 2006). However, few of
these applications focus on agriculture in SSA.eXoeption is the study of Rubei
al. (2006), who use a stepwise procedure in estimatingoduction function in
Ethiopia. They explicitly account for the relatibms between input use, input uptake
and yields as disentangled by De Wit (1992), ineortb determine options for
improving input efficiency. A major drawback of shapproach is the extensive data
demand generated by a number of simulation modules.

While these interdisciplinary approaches addreesntéted to further integrate
biophysical and economic sciences to generateterhetderstanding of farm and plot

level decisions and production, a drawback for eivgliresearch is that properties for
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estimating technical efficiency have not (yet) adeen established. An exception

is the Von Liebig model (Holloway and Paris, 20d8)t that has rarely been applied.

Indeed, not accounting for soil fertility differezx in the estimation of production
frontiers is acknowledged as a major concern (8lgerluncet al, 2002) and can lead
to biased estimations of elasticity of inputs affecciency levels. Some authors have
therefore argued that production efficiency estamatre ideally restricted to small
homogeneous production areas (e.g., Weir, 1999\ eier, only considering a small
area of study limits the prospects of identifyingtetminants of (in)efficiency in a
wider geographical context, such as access to nsadkecredit. While some of these
problems are overcome by recently proposed metdins (e.g., Battese and Rao,
2002), establishing homogenous areas in practidéfisult, as heterogeneity starts at
the plot scale (Vanlauwet al, 2006).

Hence a number of modified approaches have begroged to account for
heterogeneity in the production environment. Fewval. (2007) estimate production
frontiers for rice farmers in India, both at farmdaplot level. They show considerable
variation in technical efficiency estimates, widrrh households appearing inefficient
at aggregate farm level, while they produce negfffigient on some plots. Sherlused
al. (2002) demonstrate that omission of environmentaiables in a stochastic
production frontier results in biased parameterineges and overestimates
inefficiency levels for rice-producing farm housésin Cote d’lvoire

A second major concern in estimating productioncfioms and technical
efficiency is endogeneity. This problem arisestaasers are likely to adjust variable
input use, depending on observed weather conditiérgs, if rainfall is lower than
expected, farmers may decide to use lower levefertfizer as well. Furthermore, if
input use is endogenous, then (changes in) sdilitierindicators, which directly
depend upon e.qg., fertilizer use and cropping Bitgnare endogenous too. Both,
omitting soil fertility characteristics and not addsing endogeneity leads to
inconsistent estimation of the parameters in tlw@ypetion function. Although both
issues are widely recognized, very few researchesally test or correct for both of
them, Bagamba (2007) and Barretial. (2008) being recent exceptions.

In this study, we assess the effects of soil fgrtdifferences on the productivity and

efficiency levels of both maize and sorghum, the twost important crops in the
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savannah regions of Northern Nigeria, and estiraiteiency in production systems
of both crops. However, production functions camegeally not be estimated in a
primal form in the case of multiple outputs. Asesult, possibilities for estimation of
technical multiple output efficiency using econorneetechniques are limited. Just
al. (1983) and later Kumbhakar (1996) show how thel depresentation of a
production function, under cost minimization or fifronaximization, can be used to
estimate a multiple output function as well as cficy levels. It is, however,
unrealistic to assume smallholder farmers in SSAntximize profit or minimize
costs, as such an assumption ignores importanuptioth attributes such as a stable
food supply and risk aversion. As a result, pokdyice derived from a cost or profit
optimisation framework is not likely to be the madtective. We therefore do not
make any behavioural assumption, apart from theatrione that more is always
better. While this does not allow us to estimatmiat production function in the
fashion of Juskt al. (1983), efficiency levels and/or distance functiaran still be
estimated for crops separately.

A major constraint to accurately include heteroggnan interdisciplinary
production functions, or to estimate productionchions including environmental
variables, is the lack of reliable data. In SSAtaded data on soil fertility and input
use at plot or farm level, combined with socio-emoit characteristics are rare, for
various reasons such as little interdisciplinargesech. Thus, there is a need to
develop alternatives (proxies) in the absence titbdata. We therefore account for
heterogeneity in soil fertility levels by incorptirg two proxies, easily derived from
farm production surveys. These variables are coct&td to account for farm-level
deviations from average village soil fertility ldseThe first variable is the share of
cereals in total cultivated area as used by Zhemrgfal. (2006) for potato growers in
The Netherlands. Since no fallowing is observedtha region of study, these
cultivated areas equal total farm size. The secaarthble expresses the share of
backyard fields, or frequently referred to as imivéields, in the total allocation of
fields to the crop under consideration. In additie test whether these ratios need to
be treated as endogenous.

The second major concern of potential endogensitiuither addressed by
using instruments. We estimate the resulting sjpatibn by using Seemingly
Unrelated Regression (SUR) and Three Stage Leastr&g (3SLS), thereby

effectively exploiting correlations between the oerrterms of both production
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specifications. Moreover, the instrumentation ofl@enous variables allows us to
gain insight in exogenous determinants of crop @hand input use.

We find that some of the parameter estimates of rdi®s are indeed
significant and can quantify their effect on cromguction. More importantly, we
find that including soil fertility-related variatdehas important consequences for tests
on the presence of inefficiency, while determinasftsechnical efficiency before and
after correcting for endogeneity differ. This shibsgkrve as a warning to researchers
on interpreting stochastic frontier estimation tesdirectly.

To our knowledge, this is the first time efficieneyels in sorghum and maize
production are assessed jointly in Northern NigeBarlier, Alene and Manyong
(2006) investigated efficiency in cowpea productiand Okike et al. (2001)
efficiency in total farm output in the region. Adthigh this study does not yet fully
capture recently proposed interdisciplinary progurctunctions (e.g., Zhengfei al,
2006), our approach is an improvement for analyzprgduction processes at
smallholder farms in SSA. In Sections 4.2 and 4.3hes study we describe the
methodology and data used respectively. Sectiopredents the main results, which

are discussed in Section 4.5.

4.2 Empirical Model

In the remainder of this chapter we assume thayitid of a typical cereal crop in the

target area can be modelled as:

y=G(X) - F@) (4.1)

Wherey is a yield level of the cereal croBfx)is a common crop production function
with a Cobb-Douglas or Translog functional formséa on five inputs: land, labour,
inorganic fertilizer, capital (the measured valué farm tools) and livestock
ownership (as a proxy for the use of organic fedi). We include heterogeneity in
soil fertility through a scaling functioR(z). Unlike Zhengfeiet al. (2006), the model
does not distinguish between inputs directly affecgrowth, such as fertilizer, and
variables which facilitate growth, such as labaapital and pesticides, since capital
and labour data are not available at crop level.
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4.2.1 Accounting for soil fertility

The growth facilitating functiofir(z) takes a value between 0 and 1, and is defined as
a function of two proxieg; andz, henceF(z) = F(z, z), in whichz is the share of
cereal crops in total farm siz€¢real ratig andz is 1 minus the proportion of the
crops grown in backyard fieldB8#éckyard rati (i.e., the proportion of crops not
grown in backyard fields). It is expected that aroaer rotation, i.e., a higher cereal
ratio, depletes soil fertility and builds up disegzessure over time. Consequently,
farmers with narrower rotations operate under fagsurable growing conditions, so
that yields are below their potential. Moreoverchyard fields, or in general fields
closer to the homestead are characterized by hgghkfertility due to application of
domestic waste, manure of free-roaming animals exateta of humans. Hence,
cultivation of a larger proportion of the crop dmese richer soils leads to higher
yields, closer to their potential.

Furthermore, we hypothesize that the effect of batios is not necessarily the
same across the area of study. For example, the différence between infields and
outfields is likely to be a higher soil organic neatcontent in the former. Soil organic
matter plays a crucial role in soil moisture re@miBell and Van Keulen, 1995), and
therefore, the effect of growing crops on backyiltls might be relatively stronger
in drier areas. To account for such interactions, imclude additional cross-terms

between the ratios and village dummies. HeA@ takes the following form:

F(2) =explBoz + Buz, + QO LyDiz +B5Di2,)] (4.2)

k=1

in which, Dy is a dummy variable, set to 1 when the houselwlddated in village
and zero otherwise. If the parameter estimgigs.xare jointly zero fok = 1, there
are no village-specific effects. By including (4iR)a Translog production function
(4.1) and linearizing by taking logs, we obtain tbBowing function for maize and

sorghum, whereby, represent input variables such as labour andifertiuse:

N M
Zaij In(x;) In(xj )+ Bz + Bz, kz::lﬁlk D,z +8,D,z

N
Iny=a,+> ain(x)+
i=1 =L

(4.3)
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If the parameter estimates associated with cross-products of inputs are zb®,
above formulation reduces to a Cobb-Douglas functib parameter estimaigy is
significant and negative fdc> 0, the yield decreases with a factor betwerp(3y)
and 1, sincey 0 [0,1]. Whenz is close to zero, meaning that the share of ceieal
total farm output is small, crop yield is expectede closer to its potential. The same
holds forf.: when negative and significant, yield is reducathva factor between
exp) and 1, since, [J [0,1]. Whenz, is close to zero, meaning that all crops are
grown on backyard fields, yield is expected to lmser to its potential. Finally, we
include average soil fertility data at village lésze

In this way we assume that within-village soil il#gt heterogeneity is
adequately captured by both andz. We do not further differentiate between the
components making up soil fertility and their redpee effects. Instead; and z
reflect aggregate soil fertility. While this is angplification in terms of plant growth
processes, the method might be still be fairly appate.

As the first step we estimate (4.3) by assumingandlog specification for
both crops by using iterated Seemingly Unrelatedréssion (SUR). This estimation
method is econometrically more efficient sincexpleits likely correlation between
the error terms in both production functions, besealocal climatic conditions are
likely to affect both crops simultaneously.

4.2.2 Accounting for endogeneity

In the second step, the concerns of endogeneityaddeessed, by applying the
Durbin-Wu-Hausman test. The rationale behind tbst is to investigate whether the
loss in efficiency induced by correcting for endoggy, i.e., by using 2SLS, is
compensated by a significant gain in consistensy, (Werbeek, 2004). The test is
carried out by estimating a reduced form equatiébrnthe potential endogenous
regressor from all predetermined or exogenous bigsain the model. E.g., if farm
size devoted maize production, should be treated as endogenous, equation &.4) i
first estimated, witty; being all exogenous variables (i.e., instrumeatsilable. The
residualss;, are subsequently included in the production fionctnd tested if the
associated parameter is significantly differentrfrpero. If that is the case, OLS does

not give consistent estimates.
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X =D Wi+ (4.4)

After identifying the endogenous variables, the elad re-estimated using 2SLS for
both crops separately. The Sargan’s test is appheest on instrument validity, and
we apply the rule of thumb by Stock & Watson (20Q@8) avoid using weak
instruments. In Section 4.4 we discuss the poténhemdogenous variables included
in the model. Finally, we estimate the model fothbarops jointly using 3SLS,
thereby accounting for the identified endogenougaties. Like SUR, this estimation
method is more efficient than separate regressginse it exploits likely correlation

between the error terms in both production funaion

4.2.3 Stochastic Frontier Analysis

We assume that (4.2) possibly takes the shape sib@hastic production frontier
(SPF), as proposed by Aignetral. (1977) and Meeusen and Van den Broeck (1977).
We therefore separately test for the presence tplubtechnical efficiency, defined by
the under-achievement of the output potential gieninput-mix used, by applying a
Likelihood Ratio test. Hereby the inefficiency tersrassumed to follow a half-normal
distribution. If the null hypothesis of no ineffesicy is rejected, the model is re-
estimated as a stochastic frontier model. Sincerbskedasticity may exist in the
distribution of the inefficiency component, a numbé strictly exogenous household

variables to explain this farmer-specific heteraggnare included in the analysis.

4.3 Data and setting

Detailed data are collected in 2001, on crops grofild size and production
quantities in three locations, for 40 farmers ircledocation. The three locations
surveyed, lkuzeh, Hayin Dogo, and Danayamaka dliages in the Northern Guinea
Savannah (NGS) in which IITA carries out particgpgttechnology evaluation. The
latter two villages have good access to marketdlewthe first is slightly more

isolated.
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Vanlauweet al. (2002), Nwokeet al. (2004) and Franket al. (forthcoming) describe
soil characterization in this region. Table 4.1whkdhe main characteristics observed
in these studies. Vanlauvet al. (2002) find largely similar soil characteristiecsthe
study region, based on randomly selected plotsvim \tillages, one of them being
Danayamaka. Nwoket al. (2004) find considerable differences between Kazuw
Magani, a site close to lkuzeh, and Danayamakdy @antjanic carbon, nitrogen and
phosphorus being higher in the former. Fraekal. (forthcoming) provide the most
detailed soil characterization, based on 106 swmiles in the three villages analyzed
in this study. We therefore further use that infation in our analysis.

The number of soil variables is reduced by usintggal component
analysis. It shows that village average soil figytidlata reduces to two factors (Table
4.2), whereby soil factor 1 primarily describesiaaon in exchangeable cations (e.qg.,
Calcium, Magnesium, Potassium, Sodium and ‘acifligyid Phosphorus, while soll
factor 2 describes variation in Nitrogen, Soil QrigaMatter, pH and also Phosphorus.
As the soil factors are village averages, an alitra would be to use village
dummies. However, we expect that the village-speaifiriation in production is
better captured by the variation described by thesdactors.

Table 4.2: Factor loadings from principal component analysis on soil fertility data
Soil Factor 1 Soil Factor 2

Org. C 0.34 0.94
N -0.09 -1.00
P 0.64 0.77
pH 0.28 0.96
Exch. cations (Ca) | 1.00 -0.01
Exch. cations (Mg) | 0.92 0.40
Exch. cations (K) 1.00 0.10
Exch. cations (Na) | 0.72 0.70
Exch. Acidity -0.95 -0.31

Predicted factors:

Ikuzeh -0.55 1.22
Hayin Dogo -0.85 -1.19
Danayamaka 1.42 -0.18

Factor loadings > 0.5 are underlined

In addition, data is available on household sige, @ducation level, non-farm income
sources and livestock ownership. Out of the sarmopl@é20 farmers surveyed, 105

farmers grow maize, while 103 grow sorghum; afenoval of outliers, the size of
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the data setd\, andNy) are 94 and 97, respectively, out of which 84 fmsrcultivate
both crops.

Yield data per crop is collected at farm scale, levtiertilizer use data is
collected at field scale. Total field size and ihjuse per crop are estimated as
follows. For each farm, all fields with sole croplpsorghum or maize or fields
cropped in a traditional cereal-cowpea relay system added, plus the share of
intercropped fields where maize or sorghum are grawth other crops. The share is
assumed to be proportional to the number of cropaigon such fields.

No detailed information on labour use is collect@d. attempt to construct
estimates of labour supply in each crop based bouladata collection in the same
region, as well as household size and other crofis/ated, is abandoned, due to
strong multi-collinearity between these estimated farm size. We use household
members involved in agriculture as total labourmypo both crops.

We include livestock ownership (measured in stashdBropical Livestock
Units) as a productive input, since it is likelylde strongly correlated to actual use of
manure and actual input quantities were not recbridethe survey. Finally, we
include capital, measured as the total value ainfémols and assets, as an input
variable.

The cereal ratio is computed as the proportionotdl tfarm size cultivated
with cereals (maize and sorghum). The backyard iatdefined as the proportion of
so-called backyard fields in the total farm. Baaklyfields are defined as fields close
to the homestead (within a three-minute walk). Dipfge statistics of the factors and

the ratios used in the production function are gmé=d in Table 4.3.

Table 4.3: Descriptive statistics of factor use in production functions

Variable: Unit: Maize Sorghum

Np= 94 Ns =97

Mean (Std. Dev) Mean (Std. Dev)
Yield Kg 971 991 1067 1031
Field Size Ha 1.16 0.89 1.93 1.66
Labour use Hrs 554 374 549 365
Fertilizer Use Kg 127 118 135 193
Livestock TLU 1.72 2.57 1.39 1.73
ownership
Capital Naira 9022 15151 7398 12226
Cereal Ratio % 0.57 0.20 0.58 0.18
Backyard Ratio % 0.61 0.46 0.81 0.38

108



Heterogeneity in soil resources and efficiency

In addition, some exogenous variables may influethee distribution of technical
efficiency levels, while they could equally serve iastruments (Table 4.4). The
variables in Table 4.4 could serve either purp@sethey are assumed to be fully
exogenous in this production model. The effectefariableAge of the farmer may
be ambiguous, older farmers could be either mofieiait at farm work due to
experience, or less efficient due to lower physmaidition. Both,TLU per hectare
and Capital per hectarg are expected to increase efficiency, through eased
liquidity. Increases itHousehold labour per hectais expected to improve quality of
labour applicationHousehold Ratiodenotes the ratio of household members not
actively participating in farm operations and hdudd members who do participate.
A high value of this ratio could lead to increagéficiency, due to greater pressure on
the working members of the household, a lower ratald also lead to increased

efficiency, due to higher labour availability anetter timing of farm operations.

Table 4.4: Exogenous household characteristics used in efficiency analysis as well as
instruments

Variable: Unit Mean Std. Dev.
Age (O=below 19, 1= between 19 and 50, 2 = above 50) 0.29 0.48
TLU per hectare # 0.38 0.48
Capital per hectare Naira | 1910.66 2729.52
Household labour per hectare # 147.43 137.48
Household Ratio # 1.66 1.49
Distance to main road Km 6.63 2.75
Gandu (0 = no, 1 = yes) 0.86 0.35
Other Income (0 = no, 1 = yes) 0.67 0.47

Farmers who have better access to input and outpwikets, expressed in a proxy
(Distance To Main Roggd are likely to be more efficient due to more tiyne
application of inputs. Membership of the traditibn@andu-system Gandy,
associated with greater responsibilities of theskebold head, could lead to higher
efficiency. Farmers that have off-farm incon@tfier Incomg might be less efficient,
since labour is allocated to these tasks, withiptessegative effects on timeliness of
farm operations. However, off-farm income mightoalead to greater efficiency,
since greater liquidity enables purchases of otauts at the right moment (no data
on other inputs was available).

Finally, additional information is derived from piaipatory field meetings in
the same region in 2007, one being held in Ikuashuming that some of the general

results from these interviews are indicative fog #inalysis in this research as well.
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Farmers were, amongst others things, asked tthésmnain production constraints in a
group setting. Farmers in Ikuzeh village listedolabsupply as the main constraint,
while high fertilizer prices and uncertain suppéynked second. In all other locations
high fertilizer prices and uncertain supply ranKesit, followed by labour issues in
second or third place.

Based on the high importance of labour issueslitoehtions, farmers were
asked to give a ranking of crops, to which they Mqureferentially supply labour in
case of labour shortages. In these rankings maiakviays considered more important
than sorghum, as the risk of crop failure is higirercase of neglect. Issues of
marketing did not play a role in this choice ashbotaize and sorghum are main

staple crops and marketed regularly.

4.4 Results

We first estimate (4.1) for the case tl@{-) takes a Cobb-Douglas or a Translog
functional form using Ordinary Least Squares (OL\Sg test for improvement in fit
of using a Translog-specification instead of a GBlauglas. The null hypothesis of
no improved fit in Translog is rejected at 1% siigaince level for both crops, and
throughout the remainder we maintain a Translogcifipation. The parameter
estimates for coefficients of maize and sorghunpaogided in Table 4.5.

We first estimate both equations separately, uSdh& and retain the most
parsimonious specification (Model 1). It shows ttie cereal ratio does affect maize
production, but not sorghum. The effect on maizedpction differs across locations
and is strongest in Ikuzeh, while it is positiveDanayamaka. Furthermore, while the
backyard ratio has a negative effect on sorghurdymtoon, the effect is positive for
maize production in Hayin Dogo.

The Likelihood Ratio-tests on inefficiency do neject the null hypothesis of
no inefficiency in both crops, as shown in thetfeelumn of Table 4.6. The second
column shows the result of this test when we renadvsoil fertility-related variables
from this specification, i.e., both ratios, thefifeets at village scale, as well as the two
main soil factors, and introduce village dummiestéad. For both crops the test
statistic increases considerably, and the null thgmis of no inefficiency is rejected
at 5% and 6% for maize and sorghum, respectively.
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Table 4.5: Parameter and elasticity estimates

Crop Maize Sorghum

OLS SUR 3SLS OoLS SUR SFA 3SLS
Model 1 2 3 1 2 2a 3
Adjusted-R? 0.72 0.80 0.77 0.75 0.81 n.a. 0.82
Corrected for endogeneity’ | no no yes no no no no
Socio-economic variables®
Farm size 0.60 0.42 0.97 0.48 0.40 0.74 0.41
Fertilizer use 041 031 0.29 0.35 0.27 0.24 0.28
Household labour availability | 0.01  -0.07 -0.10 0.44 -0.02 -0.01 -0.02
Hired labour use 0.04 0.03 -0.01 -0.01
Capital availability -0.60 -0.65 -0.04 -0.08 -0.04 -0.08
Livestock ownership -0.03 -0.19 -0.24 0.04 0.14 0.23 0.14
Bulls 0.15
Soil fertility variables®
Soil factor 1 -0.34 -0.36 0.23 0.29 0.26 0.30
Soil factor 2 0.48 0.37
Cereal ratio (Ikuzeh) -2.24 -2.18 -1.62 -0.41
Cereal ratio (Hayin Dogo) -0.05 -0.70 -1.62 -0.41
Cereal ratio (Danayamaka) 0.27 0.17 0.64 -0.41
Backyard ratio (Ikuzeh) -0.36
Backyard ratio (Hayin Dogo) 055 0.48 0.53 -0.36 0.33 0.33
Backyard ratio (Danayamaka) -0.36
Variables affecting
distribution inefficiency4
Age group 1.07
TLU/ hectare
Capital / hectare
Household labour -0.01
/ hectare
Household ratio
Distance main road
Gandu
Other income
Grows maize as well -1.87

*Durbin-Wu-Hausman test suggests only one variable in the maize estimation needs to be

treated as endogenous.

“Elasticities are calculated at sample means by using all parameter estimates significant at

10% significance level.

*Estimates are shown after accounting for village specific effects, thereby including variables

significant at 10%.

*Variables shown are significant at 10%.

In the second model both equations are estimated) BJR (Model 2). Table 4.5
shows that for both maize and sorghum the elastcdf inputs change considerably,

especially with regard to household labour andtehpiailability. Furthermore, some

of the signs associated with the ratios change,t motably the backyard ratio in

sorghum production.
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Table 4.6: Testing for inefficiency

Model nhumber 1 2 3
Estimation method oLS SUR SUR (IV-estimates)
With soil ~ Without soil | With soil ~ Without soil | With soil ~ Without sail
fertility fertility fertility fertility fertility fertility
Maize 0.00 2.92 0.00 1.87 0.00 3.89
(1.00) (0.044) (1.00) (0.086) (1.00) (0.024)
Sorghum 0.73 2.61 5.94 7.00 6.78 6.41
(0.193) (0.053) (0.007) (0.004) (0.005) (0.006)

Table 4.6 shows calculated values of the chi-squared statistic (p-value) of a Likelihood Ratio
test on the presence of technical inefficiency assuming Hy: no inefficiency.

Based on the LR-tests on inefficiency, the null dthygsis of no inefficiency in maize
is still not rejected, but is rejected in sorghuraduction at the 1% significance level.
Thus, the estimation method, more efficient thanSQh econometric terms, now
significantly identifies inefficiency, which had ge unnoticed previously. The
sorghum specification is re-estimated as a storhfentier model with the variables
in Table 4.4 included, to explain the distributiohthe inefficiency component. The
results are given in Table 4.5 (Model 2a). While sitochastic frontier estimations are
largely similar to the SUR estimation (Model 2)e tbackyard ratio no longer enters
the resulting equation significantly.

We next apply the Durbin-Wu-Hausman test to ingedé whether
endogeneity is a problem in the specification wébard to three variables. First, farm
size devoted to crops can be considered as a dunofi the expected output, i.e.,
resulting from a certain farm plan envisioned. Toald further be influenced by
initial weather observations leading to an increaséecrease in certain crop areas.
Second, if farm size of sorghum and maize is endog®g, then so is the cereal ratio.
Finally, fertilizer input is potentially endogenodisrough similar reasoning. Two
more variables are potentially endogenous, theyaadkratio and use of hired labour.
However, as no suitable instruments are availatiehiese variables, they are further
treated as exogenous in the remainder of the chapte

We examine endogeneity for each of these variaatesvell as all cross-
products and squares in which they appear, usiagditential instruments listed in
Table 4.4. Table 4.7 shows the parameter estinfatethe first stage regression of
this cross-product. We find that the cross-prodafctertilizer and farm size in the
maize equation needs to be treated as endogenbesSdargan test is not rejected at
5% and the reduced form estimate suggests theiasgdments are not weak, as it

passes the rule of thumb by Stock & Watson (206R)wever as no alternative
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instruments are available we maintain this spedtifio. It is somewhat puzzling that
the cross-product needs to be instrumented forlewvithe level variables can be treated
as exogenous. That said the test applied doe®stobm endogeneity itself, but rather
identifies whether or not potential endogeneityeeti§ the consistency of the

estimation technique.

Table 4.7: Instrumented variable estimates maize equation

Dependent variable: Farm size* Fertilizer use
F-value: 22.68

Total Farm 1.70 ***

TLU / hectare * Total Farm | -0.76 **

* significant at 10 %, ** significant at 5 %, *** significant at 1 %

We re-estimate the system with 3SLS (Model 3). Nbi&t endogeneity problems
only affect maize production. The estimation offbebrghum and maize production
in the same system therefore only serves to explmitelation in the error terms
between the two, not to account for an endogeneletionship. The parameter
estimates in maize are largely similar, comparethéouncorrected models (Model 1
& 2), with minor changes in the elasticities. The-test still does not reject the null
hypothesis of no inefficiency in maize (Table 4 Ayain, maize producers are found

efficient, but only if accounted for heterogeneitysoil fertility.

4.5 Discussion and conclusion

The first major finding that emerges from our résig the significance of soil fertility
indicators in production, although not always witle expected sign. The cereal ratio
shows a significant effect in all three estimateddels in maize production, albeit
with different magnitudes and signs across thegdk. It does not have a significant
effect however, in sorghum production. The effectmaize production is strongly
negative in Ikuzeh, less strong, but still negativeHayin Dogo, while it appears
positive in Danayamaka. A possible explanationtfase differences could be the
different P-levels (phosphorus) in the top soiljskhare highest in Danayamaka and
very low in Ikuzeh (Table 4.1). Possibly, the higfevels in Danayamaka do not lead
directly to the expected negative effect of theeakratio as a result of soil mining.
Many authors indeed suggest that low P-availabiitpne of the main impediments
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towards increased cereal production in NortherreNggand other African Savannah
regions (e.g., Nwoket al, 2002; Tabkt al, 2008).

The backyard ratio has the expected negative effesbrghum production in
the initial OLS estimation, but is not significantthe subsequent models, except in
the village of Hayin Dogo. We observe the sametpaseffect in maize production
in Hayin Dogo. Apparently the backyard ratio does affect production in the other
villages likely because farmers in this locatiolyogrow maize on non-backyards
fields, such as fadama fields, which are suffidienfertile to sustain maize
production. This reasoning suggests that the badkaio itself is endogenous, since
a farmer decides on expected output levels, cragicehand crop allocation to fields
jointly. However, as said before, no potential iastents are available to allow us to
further analyze this point.

The average soil fertility variables, captured e tsoil factors, play a
significant role, but their effect is different both crops. This is surprising since the
expected response to changes in the main macrenistishould be largely similar for
both (e.g., van Duivenboodest al, 1996). Hence other factors are likely to play a
role. The effect of an increase in soil factor pasitive in sorghum production, but
negative in maize production. This factor descriasation in exchangeable cations,
including potassium and exchange acidity, wherefyagerage a high value of this
factor represents low acidity and high exchangeabt®ns. A possible explanation
for the positive effect in sorghum production cobklthat sorghum is more sensitive
to acidity than maize (e.g., Akhtet al,, 2009).

Increases in soil factor 2, indicating lower niteogbut higher organic matter
levels, are associated with higher maize yieldsth parameter estimate is no longer
significant at conventional levels in the 3SLS. [Ead.2 however shows that nitrogen
and phosphorus load negatively on this factor, @/iM loads positively. Hence the
effect of increasing OM overwhelms the negativeaation of nitrogen content. This
suggest that the level of organic matter contergoifs plays a crucial role in maize
cultivation, possibly due to higher levels of maist retention, while it does not
significantly affect sorghum production. Howevehetfindings for both factors
illustrate a drawback of reducing the soil variatiéga through factor analysis, since it
is difficult to establish and interpret the indivel effects of the solil fertility variables.

Furthermore, both ratios do appear to be effecpiv@xies to account for

heterogeneity in soil fertility, if financial or lo¢r constraints limit detailed data
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collection of soil characteristics. Both ratios dr@sed on farm level surveys, and
through this approach it is possible to jointly niiiy inefficiencies in yield and
account for differences in soil fertility. Howevéhne interpretation is not always
straightforward because detailed on-farm soil dataot available. Nevertheless, the
significant effects of both biophysical and soctm®omic variables in this analysis
demonstrate the need for further enhancing inteiglinary research for the analysis
of crop production. For example, the developmenmnofe robust fertility indicators,
which can easily be derived from farm surveys, taefurther joint research by
economists and soil scientists. This in turn carfubidner used to recommend optimal

input and soil fertility management strategiesdostainable agriculture in SSA.

The second main result is the inclusion of varigldescribing micro-topographical
differences in soil fertility that are crucial iasting on the presence of inefficiency in
a stochastic frontier framework. Not accountinghlieterogeneity in soil fertility, both
between farms and between locations in a stochésiidier analysis, leads to
considerably different results. As is shown in Eall.7, all models of maize
production, only including village dummies insteaifdsoil fertility variables, would
have led to the conclusion that maize producersiratficient, while they are not
when accounting for soil fertility heterogeneityitfough we do conclude in the final
model that sorghum producers are inefficient, tiietést statistics are consistently
higher when omitting soil fertility data, leading to reject the null hypothesis sooner.
This is an important finding, given the surprisingttle number of stochastic frontier
analyses that actually account for farm or plotelesoil fertility differences. Our
findings with regard to omitting soil fertility veables are in line with earlier findings
of Sherlundet al. (2002) and Fuwat al. (2007), who found considerable differences

between models with and without soil fertility hetgeneity.

Finally, after correcting for endogeneity and het@neity in soil fertility, there is
evidence of inefficiency in sorghum production, bot in maize. Due to inefficiency
farmers in the target area produce on average 38kwbtheir sorghum output
potential (data not shown). An important findindates to the exogenous variables
explaining efficiency levels. Being a maize-growage and the labour-to-land ratio

affect inefficiency levels.
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Labour availability is widely known to influenceagr decisions (e.g., Chiaret al,
2007), but our results confirm that labour avaiifpplays an important role as well
in explaining efficiency levels. Larger familiessanore effective in covering the peak
labour demands, e.g., during weeding and harvedimgs. These results are not
surprising given the importance labour constrametseived in village participatory
meetings. It further confirms that farmers, in casfelabour shortages, devote
available time to maize rather than sorghum, agmbs by the full efficiency in the
former production process. The results further ssgthat the development of labour-
saving techniques, such as small-scale mechamzhatiosesting techniques or labour
saving weeding technologies, have a large potefaiahcreasing productivity levels
in sorghum, and potentially other crops, not ineldieh this analysis, as well.

While increases in labour availability per hectdoereduce inefficiency levels,
the elasticities present a somewhat different figdior both crops. An increase in
total household labour availability gives a negatiffect on cereal output. Similarly,
increases in capital availability and livestock @nmship negatively impact sorghum
and maize production. It should be noted that tHegeaes do not present actual
allocations to crops, but are household totals.dddghese figures primarily suggest
that an increase in these assets does not leadrtteerf intensification of cereal
production, but is likely to benefit other productsactivities. This clearly suggests
that farming techniques with higher returns to laband capital are necessary in
order to increase cereal production.

The importance of labour in agricultural productiomond in this study, does
not correspond to other studies in the region. ®kikal. (2001) in the same region,
as well as in other efficiency studies (e.g., W&tial, 1999), find large effects of age
on efficiency levels, while Alene and Manyong (2P0id a large effect of the
distance to markets (main roads). The former sugipes ageing of the household
head negatively affects productivity levels, whildne latter suggests that
improvements in infrastructure aimed at reducigsaction costs and/or facilitating
improved extension work, are likely to lead to prodvity gains in sorghum
production. Neither of these variables play a digant role in our results. While the
age of a household head might have some effectamtugptivity, this effect is likely to
become smaller in larger households.

We do not find any effects of distance to marketsur analysis, tough a word

of caution is necessary here. Large village-speafifects are found in the soll
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fertility variables and these could be taking upt p& distance-to-market effect, or be
influenced by distance to markets themselves. Blyskirge distances to input and
output markets lead farmers to rely more heavilydsposable soil fertility stock,

thereby leading to a inverse negative relationdleifpveen the two. Unfortunately, the
limited scope of this study with three villages, vasll as the limited detail in the

distance to market variable, limit further analysishis hypothesis.

In this chapter we re-emphasize the need to inclhuatd biophysical and
socio-economic variables in the same frameworknaflysis. Although the approach
does not yet fully capture all biophysical procaesskecrop production, it serves as an
important step, while more refinements are sti#aexl. These are urgently needed in
order to derive unbiased efficiency and elastiesgimates, in order to recommend
effective input and soil fertility management stgies for sustainable agriculture in
SSA.
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Chapter 5

Do non-tangible benefits of keeping livestock expiia
differences in crop-livestock integration? New inghts from

northern Nigeria .

" This chapter is based on: Berkhout, E.D., SchipR&A., Van Keulen, H., Franke, A.C., Coulibaly,
0. Do non-tangible benefits of keeping livestocklain differences in crop-livestock integration?
New insights from Northern Nigeria. Paper underedepment.
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Abstract

Crop-livestock integration (CLI) is widely advocdtas a promising strategy to revert soil
fertility decline at smallholder farms in the samah regions in Africa. CLI is a
multidimensional concept, comprising use of draughour as well as manure use, while the
level of crop-livestock integration differs considble between farmers. No studies have yet
analysed how non-tangible benefits of keeping twels such as insurance and financing,
may explain observed differences in CLI. In thigmter we first show how efficient herd size
increases for positive non-tangible benefits byngish farm household simulation model.
Furthermore, the results from this model suggest fibr increasing labour supply herd size
decreases due to a shift into vegetable cultivadimh consequent reduction in on-farm fodder
supply. Secondly, we introduce a method to measoretangible benefits empirically by
calculating the difference between simulated he&d at maintenance levels and actual herd
size observations. A regression analysis showsfénat and household size as well as age,
education level and soil quality affect explainfeliénces in calculated non-tangible benefits.
Finally, it is shown that herd size increases dembor fodder products, while there is
additionally weak evidence that manure use inceeasesal production, but does not benefit
other crops. Additional research is needed to &skailb the different components making up
non-tangible benefits can be identified separately.
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5.1 Introduction

Hunger and malnutrition among farm households & dhy and semi-arid areas of
Sub-Saharan Africa (SSA) is often caused by aneasing population pressure,
which leads to more intensive land use. Nevertkeldss increase in production is
insufficient to adequately feed the growing popolat while it also exhausts soill
nutrients. Crop-livestock integration is often sems a possibility to redress soil
fertility decline and increase production. Usingad&om the savannah region in
northern Nigeria, this chapter analyses forcesmyierop-livestock integration (CLI).

Following the classical hypothesis of Boserup ()96farmers intensify
agricultural production when population pressurereases, due to a reduction in
average farm size and an increase in food demamimportant step in the process of
such intensification in the savannah region in WAdsica is the emergence of crop-
livestock integration, with the aim to improve tlog indigenous level of soil fertility
or to stop its further deterioration. CLI, alsoquently referred to as mixed farming,
represents a combination of techniques and practva¢h the main focus on on-farm
recycling of soil nutrients by feeding crop residugnd other organic material to
livestock and applying their manure to the landother important component of CLI
is the use of draught power, supplied by bullsreghg making it possible to expand
the acreage cultivated and/or to increase theiefidy of labour.

While CLI is frequently being advocated as one loé tmost promising
solutions to combat soil fertility decline and agated productivity losses in African
agriculture (Sangingat al, 2003), the reasons as to where and when it ocands
disappears again, are not well understood. The lggiothesis formulated (Mclintire
et al, 1992) describes how CLI at smallholder farmsaistep on the ladder of
intensification, thereby moving from an extensived dow-input arable farming
system, to a slightly more intensive and integratexp-livestock system, and finally
to an intensive, specialized and market-orienteohifag system. Nevertheless, while
several studies acknowledge this hypothesis (eAfpdoulaye and Lowenberg-
DeBoer, 2000; De Riddest al, 2004; Aune and Bationo, 2008), there are vewy fe
empirical studies which lay the hypothesis to téstreby combining socio-economic
and bio-physical factors to identify drivers of prand livestock integration at farm
level. Manyonget al. (2006) is a recent exception, paying specific raibe to
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capturing the multi-dimensional facets of CLI, ,.ase of manure, use of draught
power, and use of crop residues.

The aim of this chapter is to analyse two importsyects, not yet addressed
in previous empirical studies on crop-livestoclegration. First, an important motive
to keep livestock to many smallholders relatesheorton-tangible benefits of keeping
livestock such as insurance or wealth storageeratisence of financial markets. The
degree to which such benefits govern farmers’ @ticintegrate crops and livestock
Is unclear. Second, the differential effect of egimey cash crop opportunities to
households is not well understood. More specificalloseness to urban centres offers
opportunities for intensified cash crop productigrotentially lowering livestock
densities for some farmers as a consequence ofeddeed supply from traditional
fodder crops. This effect may differ among farmersone location depending on
differences in land and labour supply and accessaokets. At the same time,
however, non-tangible benefits of keeping livestaich as wealth storage, are likely
to be more important for some farmers in the preseof emerging cash crop
opportunities.

In our analysis, detailed estimates of feasibled®ze and their economic
value are required. Therefore, in Section 5.3 wseidlee an effective methodology to
calculate feasible herd size and liveweight gainssed on the relationship put
forward by Ketelaars and Tolkamp (1992), and subsetly used in a number of
other studies (e.g., Savadogo, 2000; Zemmaedinal, 2003; La Roveret al, 2005).
Furthermore, in Section 5.3 we also briefly receptine methodology to account for
non-tangible benefits as introduced by Bosratal (1997) and further implemented
by Moll (2005) and Molket al. (2008).

In the first step of our analysis (Section 5.4¢ #stimates from Section 5.3
are incorporated in a farm household model to deter efficient farm plans for
different types of farmers, in terms of both craoywl divestock production. We thereby
explore the relationship between non-tangible beneind levels of crop-livestock
integration —proxied through livestock density andnure supply— as well as how
this relationship varies among different typesashiers.

Secondly, to complement these modelling resultsjmy@ement a statistical
analysis in Section 5.5. While the importance oh-tengible benefits is frequently
discussed, there have so far not been any studigs gstimate such benefits

empirically. Therefore, we introduce a novel methodhis section to estimate non-
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tangible benefits of keeping livestock, and facterBuencing variation in non-
tangible benefits. Hereby, based on the livestooklelling procedure in Section 5.3,
we first identify the largest herd size that carkbpt at maintenance level in relation
to actual fodder production. We subsequently iderftactors leading farmers to
deviate from these herd size. As well in this settiwe identify determinants for
increased use of manure in crop production to adcdor multiple factors that
constitute CLI. In Section 5.6, the results are parad and discussed, particularly
with regard to the opportunities for promoting Bteck production for soil fertility
management. We start with an overview of the masearch on crop-livestock

integration in Section 5.2.

5.2 Drivers of crop-livestock integration

The two main advantages of CLI relate to the pagyilbo improve the quality of soil
resources by using produced manure as fertilizees& advantages are (1) a rapid
recovery of the nutrients harvested through plateke by manure production, and
(2) the improvement of soil structure by increasiitg organic matter content.
However, these advantages can generally not bewshsimultaneously, since rapid
recovery of nutrients also implies faster deconfpmsi of organic matter.
Nevertheless, CLI is often considered one of thetmpoomising strategies to alleviate
the adverse effects of soil fertility decline in A%e.g., Sangingaet al, 2003).
Notwithstanding the beneficial effects of CLI, siltion results have shown that
external inorganic inputs remain necessary to raairgoil fertility levels, as there are
inevitable soil nutrient losses in intensified @dssystems (Van Keulen and Breman,
1990). Furthermore, the slow decomposition of olgamatter, as well as its relatively
low element concentrations require large quantibiesrganic inputs to satisfy crop
demands (De Ridder and Van Keulen, 1990).

As argued by Manyongt al (2006), CLI is a multi-dimensional concept that
comprises various practices such as feeding of meeplues to animals, the use of
manure in crop production, as well as the use adight power. They suggest that CLI
can be effectively captured by a single index usiata reduction techniques. On the
other hand, the authors observe that this indgxosstively correlated to livestock

density, while exogenous variables do not affeetdifferent components, making up
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CLI, in a similar way. Hence, an increase in onetlidse components can not
unequivocally be interpreted as an overall incraas€LIl. Therefore, in this study,

we do not attempt to capture CLI in a single inthcabut assume variation in CLI to
be adequately captured in two variables: livestehsity and manure use.

While explaining farmer decisions in integratingms and livestock, several
studies (e.g., De Riddet al, 2004) identified differences in the level(s)Qifl. The
main hypothesis put forward relates to differersietess to markets (e.g., Mcintee
al., 1992). Poor and/or isolated smallholders arduelec from capital and/or labour
markets. Such farmers are likely to respond toitheeasing demand for subsistence
production resulting from an increase in populatpessure, by increasing labour
supply to subsistence crops. Slightly better endbvi@mers can intensify by
integrating crop and livestock production, wherebgnure resulting from livestock
production is used to compensate for the lack akes® to markets for inorganic
fertilizer. In the final step, the best-endowednfars, who are well integrated into
markets, can specialize in capital- and input-isiiem cash crop or livestock
production.

Abdoulaye and Lowenberg-DeBoer (2000) demonstrateai modelling
approach that farmers in Niger, who are well-inéégd into capital markets, decrease
use of organic fertilizer compared to less endoWathers. However, farmers with
good access to capital markets are usually welbwed, reflected in larger herd sizes
to store wealth, which would suggest that manupplyuactually increases. Hence,
the result by Abdoulaye and Lowenberg-DeBoer (2098pmewhat surprising, but a
consequence of the fact that keeping livestock arahure production was not
endogenously included in their model.

Marenya and Barrett (2007) similarly studied fastaffecting adoption and
dis-adoption of various integrated natural resomne@agement techniques (INRM) in
Western Kenya, including the use of manure, anol adged that livestock ownership
increases the likelihood of applying manure. Moexp¥hey observed that combined
use of organic and inorganic fertilizer increasgdrdime, suggesting both inputs are
complementary. An additional explanation might that increased wealth, as stored in
livestock, increases supply of manure, but alsonalpurchase of inorganic fertilizer.
Nevertheless, Marenya and Barrett (2007) actudblyeore a decrease in per capita
wealth over time. Additionally, they found that ttype of crop grown on a field was

an important determinant of whether INRM-techniquesre applied, whereby
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INRM-techniques mainly served to safeguard subsigtecrop production, but not
cash crop production.

In addition to the view that CLI results from inasing population pressure
and differential access to markets, an alternatiee/ explains the occurrence of CLI
as an ideological process. In this view, governsmemd researchers promoted CLI
driven by a romantic view of a self-sufficient paasy. Hence, colonial
administrators advocated CLI with a view of cregtorder in chaos (Sumberg, 1998;
2003). After colonial times, CLI persisted in filg an important role in development-
oriented agricultural research, not primarily bessit solves constraints at farm level,
but since researchers were convinced of its bendfhiis, in turn, has led to poex
anteassessment of constraints at farm level. Moreavé@gs given rise to a view of
technology development as a “one-size-fits-all”.

Nevertheless, none of these studies on and exmasator crop-livestock
integration explicitly account for the non-tangibbenefits derived from keeping
livestock. Bosmaret al (1997) and Moll (2005) have proposed a methodctmunt
for the various non-productive roles of livestoskich as wealth storage or insurance
purposes. The rationale in those papers is to dyasich non-tangible benefits,
based on (rough) estimates of, for example, inggracosts in nearby formal or
informal insurance markets (e.g., Mdat al, 2008; Ayalew, 2008). While these
studies assume all farmers to be homogenous in pneferences for non-tangible
benefits, the method proposed primarily serves d¢ooant for such benefits in
estimating the returns to a herd, while it is need to estimate these benefits
empirically.

More specifically, rural households in developirauctries keep livestock to
store wealth, as an insurance in the absence aofalomsurance markets, and to
improve their status (e.g., Moll, 2005; Madt al, 2008); in addition to tangible
financial objectives of using animals for draugltwer; manure production; and
production of dairy and meat. As a consequenctharabsence of formal markets for
insurance and financial services, utility deriveoni livestock is not only a function
of its ‘dynamic’ productive value, but also of tsiatic ‘keeping’ value.

The degree to which non-tangible benefits are ingmbito farmers can further
be related to their closeness to urban centressulth areas, opportunities for
intensified cash crop production are high, loweting potential livestock densities as

a consequence of reduced fodder supply from toaditifodder crops as mentioned

125



Chapter 5

above. More specifically, if livestock input margetuch as for labour and fodder, and
livestock output markets work perfectly, a farmercides on efficient livestock
production levels based on observed market pridesiever, since markets for bulky
organic biomass, such as crop residues, are udtadi;nented and thin, even close to
major urban centres, a farmer decides upon eftidieestock production levels and
crop production jointly by implicitly calculatingnelogenous shadow prices of fodder
products. Hence, the efficiency of integrating ceoql livestock production depends
on labour and land productivity in those crops thabply the mainstay of livestock
fodder, in comparison to the productivity of altatime (cash) crops. As a
consequence, a household with a relatively highodabto land ratio does not
necessarily maintain more livestock than a houskkath a lower ratio, both of
which may face labour market imperfections. Higlmusehold labour resource
availabilities could lead to a shift to more prafite, but more labour-intensive crop
production such as vegetables. Expansion of ctilbweof such cash crops close to
urban markets would lower feasible livestock deesjtand potentially the level of
CLlI, in the absence of non-tangible benefits asdediwith keeping livestock.

At the same time, formal financial institutions acemmonly not well
developed in rural areas, even in areas closelanucentres, thereby increasing the
non-tangible benefits of keeping livestock from @alth storage effect. For example,
De Ridderet al (2004) describe high livestock densities closa toajor urban centre.
As the authors argue, this may indeed reflect highaerket opportunities for livestock
products, but could also signal that livestockgedito store wealth, earned from crop
or off-farm opportunities in the absence of forrahncial services. Hence, such non-
tangible benefits could be driving apparent higledtock densities in some locations,

which in turn could incur higher levels of CLI.

5.3 Modelling livestock productivity

In this section we describe the techniques usegidntify tangible (Section 5.3.1) and
non-tangible (Section 5.3.3) benefits of livestqmoduction. In Section 5.3.2 we
outline how the method described in Section 5.2 loe used in a farm household

simulation model.
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5.3.1 Quantifying tangible benefits from livestockproduction

The procedure to model livestock weight gain iseldasn the procedure used by e.g.,
Sissoko (1998), Savadogo (2000) and La Rowreal (2005), analysing crop-
livestock farming systems in Mali, Burkina Faso aNijer, respectively. The
analytical models used in all these studies makeofi€quation (5.1). Equation (5.1)
describes intake of organic matter as a functiothefcomposition of feed offered. It
is based on 831 samples from both tropical and ¢eate regions from feeding trials
with sheep (Ketelaars and Tolkamp, 1992; Zemmaedirdd.,, 2003), but has been used
for other types of livestock as well (e.g., Abeg2@05).

IOM = -42.78 + 2.3039*OMD — 0.0175*OMD- 1.8872*N +0.2242*OMD*N

(5.1)
The calculation procedure applied relates feedftar to potential liveweight change
in two steps. In the first step, total Intake ofBstible Organic Mattedl[POM) as a
function of the feed on offer is calculated. Thaglone by applying (5.1), in which the
intake of organic matterl@M) is calculated as a function of organic matter
digestibility (OMD) and nitrogen contentNj of the feed on offer. It is thereby
assumed that the crude protein content divided.B§ @ives the nitrogen content in
the feed source (FAO, 2004). ThelDOM is obtained by multiplyinglOM with
organic matter digestibilitydMD). For the most common fodder types in the region,
Table 5.1 describes the major characteristics base@avadogo (2000) and Dada
(1999).

Table 5.1: Characteristics of fodder types included

Fodder Organic Matter content Crude Protein content  Organic Matter
(% of dry matter) (% of organic matter) Digestibility (%)
Maize 91 (87 - 95) 48(4.6-6.5) 45 (40 — 55)
Sorghum 91 (90 - 94) 4.4(2.8-7.0) 51 (43 - 65)
Millet 90 (89 - 93) 5.2 (4.8-9.3) 47 (29 - 63)
Cowpea 89 (88 - 92) 15.6 (13.9 - 21.7) 61 (58 - 74)
Groundnut 88 (85 - 90) 12.6 (8.5 -25.3) 57 (55 - 68)
Soybean 92 (91 -94) 11 (7.6 - 13.3) 52 (43 - 63)

Average values of main characteristics of included fodder as reported by Savadogo (2000)
are shown. Between brackets the minimum and maximum values are displayed. Data for
soybean are from Dada (1999).

In the second step, the method described by Zemkneli al. (2003) is used to
estimate liveweight changes based on the Intak@igéstible Organic Matter. Total
Intake of Metabolizable EnergyME) is calculated from the metabolizable energy
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content of 15.8 kJ per g of digestible organic eratEurthermore, since an animal
requires 512 (kJ k§* d) ME to maintain its weight, the total feed quantitiequired

to maintain an average animal at its initial weighh be calculated. Hereby, the
weight to the power % reflects metabolic weigl#,, ithe weight of an animal less the
weight of its bone material, which does not reqeinergy for maintenance. Table 5.2
displays the annual feed requirements, expressedantities of fodder required, for a

number of selected feed combinations.

Table 5.2: Annual feed requirements (kg dry matter year'l) to maintain an average goat
of 25 kg at initial weight based on selected (mixed) feeding strategies

w Maize Sorghum Millet Cowpea Groundnut  Soybean
Ration
Maize (100%) 3360 0 0 0 0 0
Sorghum (100%) 0 3023 0 0 0 0
Millet (100%) 0 0 9467 0 0 0
Cowpea (100%) 0 0 0 1211 0 0
Groundnut (100%) | O 0 0 0 1488 0
Soybean (100%) 0 0 0 0 0 1634
Maize (50%) - 917 0 0 917 0 0
Cowpea (50%)
Sorghum (50%) - 0 886 0 0 886 0
Groundnut (50%)
Millet (50%) - 0 0 1505 0 0 1505
Soybean (50%)

For selected feed compositions the Table shows the estimated quantity of feed required for
maintaining an average goat (25 kg) at constant weight (ad libitum), calculated based on the
method described in Section 5.3.1.

Based on these calculations, the fodder producésalting from crop production can
be used to derive the herd size that can be maedait constant weight. At this level
of feed supply, however, weight gain and thus ahpnaduction could be realized for
a smaller herd of animals, thus increasing the feadply per animal above
maintenance level. Similarly, in some cases a fammght reduce feeding levels to
below maintenance levels, thereby increasing theerpial herd size. The latter
situation will primarily occur if non-tangible befits of keeping livestock are of great
importance to a farmer.

To account for these possibilities in an LP-mod&tdtion 5.4), the above-
described calculation procedure is used to genaratgfficient number of input and
output coefficients to reflect the most common fegdtrategies. Hereby, in addition
to the inclusion of identified rations at mainteoarevel, these rations are scaled to

levels above maintenance, by multiplying feed qiiast at maintenance feeding
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levels by 1.1, 1.2, 1.3, 1.4, and 1.5. Similargeding levels below maintenance are
incorporated, by multiplying maintenance feedingels by 0.9 and 0.8. Hence, for
each ration the intake of metabolizable energyaahef these feeding levels equals
the intake at maintenance level multiplied by thesaars.

To further calculate the potential increase or €ase in liveweight of the
animals, i.e., the output coefficients in an LP-mlpdwe apply the procedure
described by Zemmelinket al (2003), in which the daily mean liveweight gain
(MLWG@) of an animal under consideration is given by:

MLWG = (IME — MEy)/b (5.2)

Here,MEy represent the daily maintenance requirements.geszpd in metabolizable
energy and conditional on the actual weight, whitdenotes the metabolizable energy
required per unit liveweight gain, set to 38.1 KJ(g.g., Abegaz, 2005). Total annual
liveweight gain is then calculated by applying {5f@r each day, wherebiME
remains constant, but the daily maintenance reongéines MEy are adjusted to the
new weight. Table 5.3 shows the liveweight of aarage goat, with an initial weight
of 25 kg, after one year, based on the differeadlifeg levels included.

Naturally, livestock cannot be fed at levels belmaintenance requirements
for long periods. In our simulation approach welgsga one-year period, for which
the below maintenance feeding levels (08IEy, 0.9 * MEy) and associated weight

loss (Table 5.3) are not unrealistic in a ruraliédn setting.

Table 5.3: Final liveweight of an animal of 25kg initial weight at different feeding levels
after one year

Feeding | 0.8 * 09* 1* 11> 12+ 13* 14~ 15*
Level MEw MEw MEw MEw MEw MEw MEw MEw
kg 19.7 22.3 25.0 27.7 30.4 33.2 36.0 38.8

The table shows the weight of a ruminant of 25 kg after one year being fed at different feeding
levels. The feeding levels are based on daily intake at maintenance level, multiplied by the
shown scalar.

Finally, the quantities of organic matter that Genreturned to the fields are included
in the model by summing rejected feed and totalureaproduced. Rejected feed is
estimated by taking the difference between offeoeganic matter and intake of
organic matter. Manure production is obtained bytrscting the intake of digestible

organic matterIDOM) from the total intake of organic matté®©\).
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5.3.2 Livestock production in a programming-based bdusehold model

The procedure described in Section 5.3.1, desgiltire non-linear relationship
between the identified rations, feeding levels bwelwveight changes, can now easily
be used to model livestock production in a lineamf household model. For this
purpose, sufficient input and output combinatidressed on different feeding options,
are quantified and included in such a model (astilhted by e.g., Sissoko (1998) and
Savadogo (2000)). More specifically in this apphgabe feed compositions in Table
5.2 define the feeding options and are further dempnted with all possible pairs of
fodder consisting of Maize, Sorghum, Millet, Cowpé&sroundnut and Soybean in
different proportions (10% - 90%, 30% - 70%, 50%0%, 70% - 30%, 90% - 10%).
These feed compositions are called the differetiong, r O {1, ..., R}. For each
ration, the fodder quantities required at mainteeafeeding level are estimated by
applying the procedure as in Section 5.3.1. In taaldi each ration can be fed at
divergent feeding levels (I {1, ..., F}, with associated weight losses or gains as
defined in Table 5.3.

A farm household modelneeds to be extended with extra constraints and
identities (5.3, 5.4, 5.5) and a number of decisiariables to account for livestock
production. First, the decision variabkd\ is defined as the number of animals
allocated to feeding levéland ratiorr. The total number of animals allocated defines

the total herd sizBl, as given by (5.3):

H = ii AN, (5.3)

r=1 f=1

Based on this allocation, total fodder productian e estimated by (5.4 — left hand
side), in whichdomy, denotes the annual demand for fodder typehen one animal

is allocated to ration and feeding levdl This total demand should be smaller than or
equal to the total production of each fodder typeD,, The variableTFDy, directly
results from the farm plan determined in the faroudehold model (see also

Appendix B). It is thereby initially assumed that fodder is sold or purchased at the

! In this chapter the same mathematical programmmiodel is used as in Chapter 3, to which the
parameters, variables, equations and constraistsisbed in Section 5.3.2 of this chapter are adted.
description of the major features of this modegjiieen in Chapter 3, while a full mathematical
representation is included in Appendix B.
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market, since little to no trade of fodder resoanaas observed in the region of study.

For a more general treatment, this assumption eaelbxed.
R F
D> > (AN, *dom, ) < TPD, (5.4)

Finally, total liveweight productionTLG is defined as in (5.5), in whiclhwg
represents the annual increase in liveweight otiaimal fed at feeding levdl as
displayed in Table 5.3. FurthermofB,.G can be multiplied by the market price of
meat to obtain the total economic value of livevia¢igain.

F

TLG=ZR:ZANrf *lwg (5.5)

r=1 f=1

The above equations could be extended with a tumhscsipt, to relate feed supply
and liveweight change on a monthly base, but isdwste in our approach. Hence,
yearly feed supply is related directly to yearleliveight changes, which is deemed
appropriate since many farmers in the region afiystuarvest and store crop residues
for controlled feeding during the rest of the ydaurthermore, the inclusion of a time
subscript and including the above constraints #mhemonth, is not likely to largely
alter the optimal solution, if the total gain iwdiwveight, or its monetary value, is a
component of the criterion function.

Finally, this procedure can be used to model prtdn for different types of
animals. This holds, because the maintenance eneggiyrements only depend on the
liveweight of an animal, energy contents of thededon offer and the intake function
(5.1). None of these characteristics is likely tamge to large degrees for different
types of animals (e.g., Ketelaars and Breman, 19819ur approach, we express the
total herd size as the number of small ruminantg.,(goats), given the widespread

ownership of small ruminants among smallholderth@region of study.

5.3.3 Quantifying non-tangible benefits of livestdckeeping
The method outlined in the previous sections cagsttwo important tangible benefits
of keeping small ruminants to a smallholder, nami@hgweight production and

manure production. It does not yet however, captbhesthree main types of non-

131



Chapter 5

tangible benefits, i.e., (1) keeping livestock asurance; (2) to store wealth in the
absence of formal financial services; and (3) spldy status.

In Bosmanet al. (1997), Moll (2005) and Molet al (2008) an accounting
procedure is used to calculate the value of batigilde and non-tangible benefits

associated with livestock keeping. Total annualefieh B¥ of keeping an animal,

rather than selling it, is defined by (5.6):

BE =Y +Y, + B +BY (5.6)

Here, Y° and Y/reflect the net value of animal products, sold h& market and
domestically consumed, respectively. In the anslysesented in this chapter, the
value of animal products primarily stems from angai liveweight, since use of milk
from small ruminants in the region of study is umeoon. B’ and B reflect the
benefits from insurance and status, respectivelykeeping a herd. Moll (2005)

proposes to quantify both as a fraction of the ayermarket value of the herd (or

animal), as given by (5.7) and (5.8).

B’ =b*(P +PR_)/2 (5.7)

B =b"(R +R.)/2 (5.8)

Here, P; represents the market value of an animal at tinMoll (2005) argues that
b’ generally takes values between 0.05 in locatiorteout major weather risks, to

0.20 in more risk-prone areas. The main argumenstich values is derived from

comparing the cost of engaging in limited formairdormal local insurance with the
total value of observed herd size. The statusifracb’, probably lies below the

insurance value, as survival is more important gtatus. Nevertheless, higher values
could reflect economically rational behaviour ifrthesize plays a role in acquiring
local political or economic influence.

Furthermore, in addition to the benefits of keeparganimal as defined in
(5.6), Moll (2005) defines non-tangible financingnefits as a fraction of the market
price of an animal. This could, e.g., be seen astst foregone by not taking a loan

or pawning assets alternatively. Moreover, saviagsounts could be sensitive to
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inflation, while the real price of livestock is ared not to change much. We include
such financing benefits similarly to (5.7) and (5a8 a fraction of the average market
value.

Hence, the total value of non-tangible benefitg; is defined as a constant
fraction b, of total average value of the herd in a yearina.9). This is a slight
simplification of (5.6) - (5.8), since we do nostinguish between the three separate
components making up non-tangible benefits asrmdlibefore. The main reason is
that we are interested in the aggregate value oftangible benefits in the subsequent
sections, while in an empirical analysis it woulgimpossible to identify the separate

components when only herd size is observed.

Ty =b(R +PR4)/2 (5.9)

m=Tc + Tg + TNt (5.10)

Now, total benefits to a farmen are defined as in (5.10). In this definitiong
represents total profit derived from crop incomerepresents all tangible benefits of
keeping livestock, such as total liveweight gairb)3nultiplied with the market price
of meat, as well as the value of manure productiom,value of sold dairy products,
and the value of used animal traction. In our asialin Section 5.4i consist of the
value of liveweight gain only, while indirect berteffrom using animal traction are
accounted for indirectly in the profits derived rfracrop products, through reduced
labour costs.

Clearly, if a farmer does not derive utility fromomtangible benefits of
keeping livestock, i.e., the value of fractibns zero, then a smallholder chooses a
feeding strategy such that the total liveweighnhgzfithe herd is maximized (i.e1,=
Tc + Tg). On the other hand, if the smallholder mainly pedivestock for non-
tangible purposes, he/she chooses a feeding stratefp that the total average value
is maximized (i.e.Jt = T + Tiy). In the former case a farmer typically maintains
smaller herd that is being fed at feeding levelsvabmaintenance level (Figure 5.1,
Ha1), While in the latter case a larger herd is kép$e to, or even below, maintenance
feeding level (Figure 5.Ha).

This is further illustrated in Figure 5.1. Givencartain level of fodder

production, a farmer has to select the size of lmsd, thereby taking into
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consideration that for a smaller herd the tangibenefits are higher, but the
consequence is that non-tangible benefits are lo@erthe other hand, if the herd is

larger, the tangible benefits are lower, but the-temgible benefits higher.

Fodder
Supply
e v e A
Ha1 Hwm Ha2
Actual < Maintenance < Actual
herd size herd level herd size
e Non-Tangib|e e

——— Tangib|e Benefits—ill e

Figure 5.1: Choosing an efficient herd size. In the figure Ha; reflects a herd, that is smaller
than the herd that can be kept at maintenance level, given a certain fodder supply. On the
other hand herd Hp, reflects a herd being kept at levels below maintenance. Non-tangible
benefits are highest in the latter situation, while smaller in the former. Tangible benefits are
higher in the former, but smaller in the latter.

For example, a farmer maintaining a hétgi, which is smaller than can be kept at
maintenance levefly, is likely to place more value on liveweight pratlan, or has
recently faced a shock as a consequence of whidtatigo sell part of his herd, or
faces other socio-economic impediments in raisisdiviestock level.

On the other hand, several factors may lead farntersaintain a herd size
Hao, larger than can be fed at maintenance levelngikeir actual fodder production.
For example, access to communal rangelands allamsefs to keep larger herds than
based on crop residues solely. Therefore, it isssary to correct for such factors
increasing feed supply, after which the positivevigiion of herd size from
maintenance levels, i.eKH£-Hu) for Ha > Hy, is a good available method to estimate
non-tangible benefits empirically, which is appliedSection 5.5. The above outlined
procedures are used in the subsequent sectiongatudiky tangible and non-tangible

benefits in a crop-livestock farming system.

5.4 Simulating crop-livestock integration

In this section we use a simulation model to aralgew levels of crop-livestock

integration change under various scenarios. Theehisdased on a simulation model
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described in detail and used elsewhere (ChaptertBis thesis, Gerichhausen al,
2009), but extended with input- and output-coedints to include liveweight
production as explained in Section 5.2. In Subisech.4.1 a number of important
features of the applied simulation procedure aseutised, while the Sub-sections
5.4.2 and 5.4.3 describe the main simulation result

The model is constructed from farm level data d fédtmers in Ikuzeh, Hayin
Dogo and Danayamaka in the Northern Guinea SavammaNorthern Nigeria
collected in 2002 (see Figure 1.1 in Chapter 1hak been solved for a one-year time
horizon for two different criterion functions aspéxined in the next section. The
choice of the one-year time horizon is motivatedthg fact that yearly on-farm
fodder production provides the mainstay of foodHerds, with long-term storage of
fodder being uncommon. Hence, a one-year time &wrias realistic for

approximating feasible herd size.

5.4.1 Model

In the simulation approach applied, we determirfeeieht production strategies for
all farmers, instead of for a representative grofifarmers as done more commonly
(e.g., Abdoulaye and Lowenberg-DeBoer, 2000). Begdow computation times do
no longer limit such simulations to a small grouprepresentative cases, a main
advantage is that patterns across simulation gesatt be determined, associated with
differences in household characteristics. In ttagtipular case we aim to determine
how efficient levels of livestock density and masmawailability —i.e., our proxies for
CLI (see Section 5.1)- relate to land and labouailakility, two of the most
important resources of smallholder farmers in rivfaica.

The simulation model is solved for each individdatrmer by adjusting
farmer-specific parameters, which include farm dadiama size, household labour
availability, household subsistence requirementsl, availability of draught labour.
Fadama’s are riverbed fields mainly used for cation of vegetables, sugarcane and
rice. All other characteristics are assumed to ibelar for each farmer. These are
market prices, the crop and livestock productioririxiaand nutritional values of the
products. Similar to the approach followed in Clea@®, a subsistence constraint is
included to guarantee minimum nutritional consumpin a household. This must be
attained first, after which the model maximises itbgpective objective functions as

defined below. A full description of the model, th@ameters, and their exact sources
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are given in Appendix B, while Sub-section 5.3.2alides the specific adjustments
made to include livestock production.

The simulation model is used to analyse how efficleerd size change under
various scenarios. These scenarios are primarisedaon different optimising
strategies, reflected in different maximizationemtjves, whereby the utility derived
from non-tangible benefits of keeping livestock eéxplicitly incorporated. In
particular the simulation model is solved for twiffetent objectives, after satisfying
the subsistence constraint. The first objectivéoisnaximize total profit 1f;) from
crop production and non-tangible benefits of keggimestock (5.11). In the second
objective, the profit from crop production, the rement in liveweight, and non-

tangible benefits are jointly maximised (5.12) agerall’ profits.

T = TG + T (5.11)
To = T + Thr + Tk (5.12)

5.4.2 Optimising profits with non-tangible benefits

Table 5.4 lists some of the main results from timutation model under the two
different objectives, profitsty, and ‘overall’ profits 1o, included. Results are
differentiated according to the two different asgtions of the non-tangible benefits
parametetb as defined in (5.9). First, this parameter isteed.25, in line with the
approximations as in Moll (2005). Second, the patamis increased to 0.5 to analyse
the effects of an increase in the importance of-tamigible benefits of keeping

livestock.

Table 5.4: Average results from the simulations for different objectives and changing
preferences for non-tangible benefits of keeping livestock

Objective Function: ™ o
Parameter of non-tangible benefits: 0.25 050 |0.25 0.50
Unit

Share of profits from crops in total % 98.88 97.77 | 99.11 98.79
Share of profits from liveweight in total % 0 0 0.56 0.56
Share of non-tangible benefits in total profit | % 1.12 223 | 033 0.65
Average profit USD ha™ | 584 589 581 582
Supply of organic matter kg ha™ 276 278 150 150
Average herd size TLU ha™ | 0.049 0.050 | 0.006 0.006

When a farmer strives to maximize profits from cqmoduction and non-tangible

benefits {u), in 74 out of the 89 cases it is efficient to main a herd size below
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maintenance level (data not shown). For no farrhés is an efficient strategy if
overall profits are maximizedd). Hence, as can be seen from Table 5.4, an efficie
farmer chooses the smallest but most productivel seze if overall profits are
maximised. When objective, accurately reflects the farmer goals, the actuggiat
loss (i.e.,7q < 0) is not included in the objective. Therefomg,is on average higher
than in the case in which both tangible and nowjitde benefits are maximiseda].

In addition, Table 5.4 shows that supply of organgtter on the farm, by combining
rejected feed and manure production, correlatédgetd size. Since herd size depends
on the exact structure of the objective functios,veell as on the magnitude of
preference for non-tangible benefits (expressda},ithe supply of organic matter also
depends on these factors.

Note that the herd size, the share of tangibkstiock benefits and the share of
non-tangible benefits of livestock are all low. $aanainly result from the dominance
of high-value crops in many of the simulation résulThe inclusion of different
production attributes such as risk aversion, simita the approach followed in
Chapter 3, may therefore better represent actualeiadecision-making. To do this,
however, is outside the scope of the present study,

To further illustrate how herd size differs acrdg$erent farms, we categorise
farmers according to their two most important agdermland and household labour.
Figure 5.2 shows the simulated relationship betwkedrour availability for crop
production and the efficient herd size both exprdsper hectare, for the two
objectives. Quadratic trend lines are plotted, ldigpg a slightly better fit than linear
trend lines. Herd size is generally observed tddogest when a farmer strives to
maximize profits from crop production and non-tdagibenefits from livestockrg).
Maximisation of overall profits leads to the smatlberd size per hectare, as argued a

reasonable proxy for the degree of crop-livestot&gration.

The relationships in Figure 5.2 are however somewlistorted by different village
effects. This is due to particular differences he willage-level production matrices
included in the simulation model. We therefore plo¢ effects for the individual
villages and again plot a quadratic trend line.urég 5.3 and 5.4 display the results
for two of the three locations. These figures ssgytjeat efficient herd size follows an

inverse U-shaped pattern in relation to labourlatbdity per unit of cropland.
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Figure 5.2: Simulated efficient herd size in all villages as a function of labour availability. The
figure shows results for a scenario in which profits from crop production and non-tangible
benefits from keeping livestock are optimised (1y) and a scenario in which profits from crop
production, liveweight production and non-tangible benefits are optimised (T). The parameter
b, reflecting non-tangible benefits as in (5.9), is set to 0.25.
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Figure 5.3: Simulated efficient herd size in Ikuzeh as a function of labour availability.

Scenarios 1y and T, are similar to those in Figure 5.2.

The inverse U-shaped pattern observed in most cates directly to the differences
in cropping patterns selected along the labouratal Icontinuum as illustrated in
Figure 5.5. First, at low levels of labour availdlpj the efficient cropping pattern
consists mainly of cereals, to meet subsistencd @@mands and a small portion of
high-value crops for additional purchase of fooobsrand other needs.

138



Non-tangible benefits and crop-livestock integratio

Second, when labour becomes relatively more abundabecomes economically
more attractive to cultivate legumes, which are endemanding in labour, and
thereby provide high quality fodder, an option narease herd size. Finally, at still
higher levels of labour availability, it becomes mnattractive to switch back from
cultivating legumes to high-value crops. Consegyefddder production decreases

again and efficient herd size decreases. Thessfadre summarized in Table 5.5.

Danayamaka
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Figure 5.4: Simulated efficient herd size in Danayamaka as a function of labour availability.
Scenarios 1y and T, are similar to those in Figure 5.2.
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Figure 5.5: Simulated share of revenue per crop types in total revenue in Ikuzeh as a function
of labour availability.
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Table 5.5: Simulated efficient levels of crop-livestock integration

Labour per unit of cropland available L (h ha™ month™):
Low Intermediate High
L <100 100 < L <200 >200
Cropping Pattern® High Value crops > Legumes > High Value crops >
Cereals = High Value crops > Legumes >
Legumes Cereals Cereals
Herd Size’ 0.019 0.038 0.031
(TLU ha™) (0.006 - 0.032) (0.008 - 0.068) (0.001 - 0.061)
Manure production2 342 (158 - 504) 395 (145 - 641) 341 (22 -692)
(kg ha™)
Level of Crop-Livestock Low High Low
Integration:

" Order reflects importance of crop type in total revenue
% The average herd size and manure production are the averages from the different simulated
strategies. The values in brackets are the averages of the minimum and maximum values

5.4.3 Changing non-tangible benefits.

Non-tangible benefits of keeping livestock are ulggld by setting the parametgr
expressing the total value of non-tangible benefiisa fraction of the total average
herd value, at 0.25 as based on the rough estinngtss by Bosmaet al (1997),
Moll (2005) and Mollet al (2008). We subsequently increase the value & thi
parameter to analyse how average herd size chamyes non-tangible benefits
become relatively more important. Table 5.6 displthe average herd size (taken as
the average herd size resulting framand 1, respectively). The results show that
herd size is relatively insensitive to the relativelue attached to non-tangible
benefits. At low to moderate levels of labour aakility, increases i lead to small
increases in herd size, mainly since non-tangikleebts represent a relatively large
proportion of total net benefits. At high labouradability, non-tangible benefits are

negligible compared to total net benefits.

Table 5.6: Efficient herd size as a function of relative preference for non-tangible
benefits

Value of non—tangible Benefits parameter b:
Labour availability: 0.25 0.50 0.75 1.00 2.00
L <100 Herd Size: 0.019 0.019 0.020 0.021 0.021
100 <L <200 (TLU ha) 0.038 0.038 0.039 0.041 0.041
L > 200 0.031 0.031 0.031 0.032 0.032

The simulation results suggest an inverse U-shapéationship between labour
availability and herd size. Furthermore, the resshliow that the impact of changes in
parameteb on the optimal herd size is low, however this istpgEiso depends on the
form of the criterion function used. Moreover, fireference for non-tangible benefits
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may not be similar for different farmers. Therefateviations in herd size, as a result
of household specific preferences for non-tangiideefits, are estimated in Section
5.5.

5.5 Statistical Analysis

The objective of the analysis in this section idltsstrate the method to quantify non-
tangible benefits of keeping livestock as introdlige Section 5.3.3. Secondly, the
analyses allow us to compare the patterns of Ch$eoved in the simulation model
(Section 5.4), with farm-level observations on CLI.

In Sub-section 5.5.1 we discuss some key obsenstiguch as actual
livestock holdings and variations in cropping patsein the data used, as well some
of the main limitations. Secondly, we use economeanalysis to identify the
variables that cause the observed variations itetreds of crop-livestock integration.
To this effect we identify factors in Sub-sectiorb.2 that lead farmers to deviate
from keeping a herd at maintenance levels, in Sdien 5.5.3 factors leading to
differences in manure use at farm level, while utb-Section 5.5.4 we identify factors

leading to variations in cropping pattern.

5.5.1 Data description

In the statistical analysis in this sub-sectionuse farm-level data from 250 farmers
in Northern Nigeria, collected in seven villages2007 in different agro-ecological

zones (see Figure 1.1 in Chapter 1), includingvilages lkuzeh and Hayin Dogo

displayed earlier in this chapter. The data sdudes information on plots owned and
cultivated, selected cropping patterns and inpug, s well as various data on
household composition and asset ownership.

Table 5.7 shows averages in livestock ownershipsacthe different surveyed
locations. The table shows that while ownershipailtry, donkeys and pigs is fairly
homogenous, there are considerable differencessat¢he locations in ownership of
the other livestock types. However, higher levéls.g., bull ownership are associated
with higher levels of small ruminant ownership asliwTherefore, even though the
roles of both types of animal are different, ikaujls mainly provide animal traction

and goats are mainly kept for manure productiomal ttevels of crop-livestock
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integration are likely to be captured reasonabld e the aggregate measure of
livestock ownership per unit of cropland.

For a number of these locations Figure 5.6 showsrétationship between
actual herd size and household labour availablagreculture per unit of cropland,
while the relationship is similar for the locationst shown. A quadratic trend line is
plotted for each location. Bindawa is located, eatisolated, on the edge of the Sahel
and Soudan Savannah zone, Warawa is located ddke tajor metropolis Kano in
the Soudan Savannah, while lkuzeh is a locatiothenNorthern Guinea Savannah
(see Figure 1.1 in Chapter 1).

Table 5.7: Ownership of livestock types across the region of study

Average livestock ownership per type (TLU ha™)

Location TLU  Cattle Bulls Goats Sheep  Poultry Donkeys Pigs

Kaita 0.50 0.11 0.16 0.15 0.02 0.03 0.03 0.00
Bindawa 0.52 0.13 0.24 0.07 0.04 0.02 0.02 0.00
Kunchi 1.23 0.37 0.36 0.23 0.17 0.07 0.04 0.00
Warawa 0.31 0.07 0.04 0.07 0.07 0.02 0.03 0.00
Kiru 0.45 0.00 0.10 0.20 0.07 0.07 0.01 0.00
Hayin Dogo 1.69 044 0091 0.13 0.14 0.07 0.00 0.00
Ikuzeh 0.20 0.07  0.00 0.06 0.00 0.04 0.00 0.03
All 0.76 0.19 0.30 0.12 0.07 0.05 0.01 0.01

Tropical Livestock Units in this table, and elsewhere throughout Section 5.5, are calculated by
using the following conversion factors: Cattle/Bull = 1 TLU; Goat = 0.08 TLU; Sheep = 0.1
TLU; Poultry = 0.01 TLU; Donkey =0.5 TLU; Pig = 0.2 TLU.

The observed inverse U-shaped pattern in Ikuzelkappo resemble the simulation
results (the pattern in Hayin Dogo is similar, daté shown). This pattern is robust to
removing one or several potential outliers withywieigh labour availability. Hence, at
low levels of labour availability per unit of cr@mld, increased labour availability
allows for increasing the herd size that can bentaaied efficiently. However, this
does not occur at the highest levels of labourlalvdity.

On the other hand, the relationships in other looat including those not
shown in Figure 5.6, suggests a weakly increasitefionship. An important reason
for this difference could be the lack of high-valiéernatives such as vegetables in
the more arid locations in the Soudan-Savannahtladsahel. Hence, even at the
highest levels of labour availability per unit @nd, the efficient cropping system

consists of a combination of cereals and legumes.
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Figure 5.6: Observed herd size in relation to labour availability

Figure 5.7 displays the actual share of vegetaiie®tal revenue, as well as the

shares of legumes and cereals for all farmersamegion. Three quadratic trend lines

are plotted in the figure that suggest a simildtgoa as in the simulation results.

Share of crop type in total

revenue

Share of crop types in total revenue

¢ Cereals
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Labour available (hrs ha month)

A High Value

Crops
Cereals

(trend)
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Crops (trend)
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Figure 5.7: Observed share of crop types in total revenue in relation to labour availability.

However, linear trend lines suggest an overallaasing share of cereals and overall

decreasing shares of legumes and high value crithsnereasing labour availability.

However, these trend lines should be interpretediaasly, as clearly the fit is very

low, and strongly influenced by a few observationgh high labour availability per

unit of cropland. The most important observatioondr this figure is that the

relationship between land and labour availabilitg 2he cropping pattern selected is

weak at best, so that most likely additional fastalso play a role.
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Finally, Figure 5.8 shows the distribution of thiéetence between actual herd size
and herd size estimated from feed requirementsaattenance level. This difference
is calculated by determining ‘maintenance herd slgé for each farmer, based on
actual production, following the method described $ub-section 5.2.1, and
subtracting this value from actual herd skg Again, similarly to the simulation
approach in Section 5.4, we express both actuakendlated herd size in number of
goats without loss of generality. Actual herd sizederived by using standard
conversion factors for Tropical Livestock Units (OL(FAO, 2004a). Actual fodder
production is derived from observed grain productioy using the statistical

relationships estimated by Savadogo (2000) for Biarkaso.

Distribution of relative deviation of herd size
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Figure 5.8: Deviation of actual herd size from ‘maintenance herd size’ (see text for
explanation). The figure displays the distribution of the difference between actual herd size
and estimated maintenance herd size, expressed in number of goats per hectare of farmland.

Figure 5.8 shows that 47% (of 201 observations¥faomers maintain herd size
smaller than maintenance herd size (it&,- Hu < 0), at given levels of on-farm
fodder production. For the remaining 53% herdstaodarge, i.e., exceeding the herd
size that can be maintained given on-farm foddedpction (i.e.Ha- Hy > 0). These
observations are different from the outcomes ofdimeulation models, where non-

tangible benefits only appeared to play a minoe.r@n the other hand, unobserved
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village characteristics such as access to graasgurces, could partially explain the
results in Figure 5.8.

Emphasis in the analysis in this section is plamedllustrating the workings
of a novel method to empirically estimate non-tatgbenefits, while acknowledging
that the data set used poses a number of limigatlmumber of farm characteristics
that are likely to affect the results, are missmthe data set.

First, as mentioned earlier, households may haweentyy faced an
idiosyncratic shock and therefore put the insuraralae of their herd to work. This
would suggest the actual herd size is lower thanhiktoric average. This issue can
only be addressed by developing a panel data $éthwvas not possible within the
scope of the current research project and isdefther researchers.

Second, feed quantities are based on stated camugiion quantities. This
may in fact be an underestimate of real feed sypphce farmers either may have
purchased additional feed resources, or may haeesato significant grazing
resources are in their vicinity. Informal discussionith farmers in the region led us
to conclude that trade in crop residues played anityinor role in the rural areas,
contrary to the situation for urban livestock farmewhile a grazing reserve only
exists close to one of the locations surveyed @aitWe have assumed that all
farmers have equal access to this reserve, whichtlvan be accounted for by
including a village dummy in the analysis. The imipaf these unobserved variables

is discussed where appropriate in the remaind#ri®ichapter.

5.5.2 Factors affecting preferences for non-tangiblbenefits

Figure 5.8 suggests a considerable number of farimaving a herd size that is ‘too
large’, i.e., being fed below maintenance level. tlhis section we identify the

variables that lead farmers to maintain such “tacge” herds, thus suggesting
derivation of substantial utility non-tangible bétee We subsequently estimate the
model described by (5.13) and (5.14) (suppressiagdrmer subscripts) by applying

a Heckman selection model (e.g., Verbeek, 2000).

Y=Y %4 +e, (5.13)
Wzixiﬁi +&, (5.14)
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Equation (5.13) is only estimated for positive @éwins. Therefore Equation (5.14) is
included to describe factors leading a farmer tecs@ herd that is “too large”. In the
analysis, the dependent variakles defined asv =1, fory > 0, andw = 0 otherwise.
Finally, x; represents a set of variables, assumed to be mcogeto herd size
deviations, which includes farm and household sage, education level, and income
from remittances and/or off-farm activities.

By using this approach we allow some variablestluénce the magnitude of
the deviation, but not the probability of a farntmviating from maintenance levels
and vice versa. For example, the absence of foemdlinformal credit facilities in
one location affects all farmers in that locatiand could increase the likelihood that
livestock is kept for financing or wealth storag¢éowever, the magnitude of the
deviations may vary among farmers due to persdmalacteristics such as access to
off-farm income.

Furthermore, we estimate two different models (M®de and B, Table 5.8)
for two different dependent variablgsin (5.13). In Model A, the deviation from
maintenance levelsy = Ha—Hy, is taken as dependent variable, in Model B, the
relative deviationy = (Ha—Hw)/Ha.

The results of the selection model (lower part @blé 5.8) suggest that
specific village characteristics, such as localeascto financial resources, market
outlets, and the occurrence of village-specific c&isoindeed do influence the
likelihood of having a ‘too large’ herd. The villeglummies for which no significant
effects were found are removed from the final regi@s to increase the efficiency of
the estimation. The set-up of the included dumnsesich that the village of Kaita is
the reference, while in most other locations tkelihood of having a ‘too large’ herd
is smaller. This is not surprising as the villageKaita is the only location where
communal grazing resources have been observed.rtun&ely, the exact village
characteristics that play a role are difficult demtify.

Furthermore, farm size and household size sigmfigainfluence the
probability of having a positive deviation, but ther of these variables significantly
affects the magnitude, either absolute or relatofe¢he deviation. The signs of both
variables are similar to those observed in the kitran model.
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Table 5.8: Regression results: determinants of crop-livestock integration

Model A B C D
Dependent Variable Herd size Relative Total Average
deviation herd size manure manure
deviation use use per ha

Variable Coefficient  Coefficient | Coefficient Coefficient
Constant -11.54* 4.66 6324 1268
Farm size (log) 0.42 -0.45 -1282 =541 xxx
Farm size (log squared) 627
Household size (log) 0.40 -0.43 -3848 261*
Household size (log squared) 1449*
Livestock ownership (TLU) 930*** 186**
lo
,(Avg)rage soil quality of fields -3.18 -3.16** -3707** -546
(1 = poor, 2 = average, 3 =
good)

N | Achieved primary or koranic 2.35%* 1.22 782 206

s education (dummy)

= | Achieved secondary 1.87 1.04 2451* 443

2 | education or higher (dummy)

W | Receives remittances 1675* -4
(dummy)
Share of household members -3799** -652*
having access to off-farm
income
Age household head 3.08* 0.22
Average age household 3.46** 0.20 699 94
members
Kunchi village (dummy) 4.90*** 1.60*
Hayin Dogo village (dummy) 0.42 -0.45
Warawa village (dummy) 3725%** 578***
Ikuzeh village (dummy) -456
Selection model:
Variable Coefficient Coefficient
Constant -0.28 -2.62%*
Farm size (log) -0.47%*
Household size (log) 0.56***
Livestock ownership (TLU) 0.13
(log)
Average soil quality of fields 0.70

® | (1 poor, 2 average, 3 = good)

= | Achieved primary or koranic -0.15 0.47

-% education (dummy)

= Achieved secondary 0.10 1.23%**

Ww | education or higher (dummy)
Average age household 0.77* 1.24%**
members
Kunchi village (dummy) -0.75%** -0.88**
Warawa village (dummy) -1.28%** -1.00%**
Kiru village (dummy) -1.43%** -1.13%**
Hayin Dogo village (dummy) -2.66%**
Ikuzeh village (dummy) -0.47%** -2.17%x

* significant at 10%, ** significant at 5%,

*** gignificant at 1%
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A larger household, all other variables being egumreases the likelihood of a too
large herd. Two possible reasons may explain ihdirfg. First, the availability of
more labour allows managing a larger herd morectffely. Second, overall higher
income in larger households allows for (unobsengeoithase of additional feed.

In the next section we will observe that large fehwdds are more likely to
cultivate high-value crops, giving credence to lgiger argument. Moreover, higher
incomes resulting from high-value crops need tcstoeed, which in the absence of
financial markets is easily done by buying live&todowever, access to remittances
or off-farm income has no influence. Finally, th#eet of household size could
suggest that larger households keep more livedteclhuse more people need to be
insured.

On the other hand, the likelihood of keeping a ‘tage’ herd is negatively
correlated, ceteris paribus, with farm size. Agaith decreasing labour availability
per unit of cropland, the likelihood of croppingghivalue crops decreases. Moreover,
a larger farm size allows for higher subsistenaapction, thereby lowering the risk
of failing to meet subsistence requirements, ametong the need to insure such risks
by keeping livestock.

The actual size magnitude is neither related tlage characteristics, except
for Kunchi village, nor to farm and household sizhe magnitude of the deviation is
affected by the age of the household head and tbeage age of the household
members. This is not surprising, as older farmeay hrave accumulated more wealth
over time, which in the absence of formal finan@atvices is stored in livestock.
Furthermore, completion of primary education inee=a the magnitude of the
deviation from maintenance levels, but the undegyieason for this relationship is
not intuitively clear.

The results in the second column, explaining tha@adien in percentages of
herd size, present a different picture. The age edwtation effects are no longer
significant, while there is a significant effecbfn the quality of fields owned. When
fields are more fertile, herd size deviations arelter. This could point to a risk
effect, whereby more fertile fields give higher andre secure yields, and the need to

maintain a larger herd for insurance purposes el
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5.5.3 Factors affecting manure use

An important component of crop-livestock integratias the use of manure.
Moreover, the simulation models in Section 5.4 sjgptimal herd size changes due
to changes in cropping patterns, and manure priaguchanges in the same direction
as herd size. Hence, variables affecting positexgations in herd size are expected to
influence the use of manure as well. Therefor¢his section we determine variables
affecting the likelihood of a farmer using manume los farm, as well as factors
determining the quantity of manure used. The masimilar in set-up to (5.13) and
(5.14), buty now represents total use of manure in kg, whig,edammy variablev =

1, if a farmer uses manure in his farm, amd= O otherwise. The results are also
shown in Table 5.8, whereby the dependent variabilee third column is total use of
manure (kg) (Model C) and the fourth column therage use of manure (kg/ha)
(Model D). Note again that the selection model e same for both dependent
variables.

In the selection component of the model, largéedthces are again observed
among locations. Furthermore, total herd size dussplay a significant role in
determining whether or not a farmer uses manureth&u inspection of partial
correlations (data not shown) shows that use of umarcorrelates strongly to
ownership of small ruminants, but not to other dtoek types. Clearly, small
ruminants can be confined, and the manure can bectsdl more easily. A further
explanation for the low overall correlation betweéwmand size and manure use could be
that the reported use of manure does not distihguesween the use of actual animal
manure and compost from urban and other househaslewPersonal observations
suggest that these additional sources of organtermbare used more frequently in
Warawa village close to Kano.

Larger household size, more education, and atoessnittances all positively
affect the quantity of manure used. While more laballows for more effective
application of manure, remittances allow for aduhiil purchases of manure and/or
for paying for costly and labour-intensive trangpof manure to fields. This
observation could suggest that remittances araapgrinvested in improving soll
fertility resources.

On the other hand, a reported high quality of tleéd$ and a high share of
household members engaged in off-farm jobs, neggtiaffect the quantity of

manure used, but not the likelihood of using manWhile applying manure at
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relatively rich fields may yield lower returns tablour, the labour devoted to off-farm

income limits the labour availability to manure aggtion.

5.5.4 Factors affecting cropping patterns

The primary interest of the analysis in this firalb-section is to identify how

important indicators of crop-livestock integratidivestock ownership and manure
use affect production and crop choice. The simutatesults in Figure 5.5 show that
at high labour availability per unit of croplandhet contribution of both cereals and
legumes in total revenue declines, while the cbuation of high-value crops

increases, similar to the simulation results foim@&ub-section 5.4.2. A number of
regressions is carried out to test for the presehdas relationship in the data.

Again, these estimations are based on the structutée selection model
described by (5.13) and (5.14), and the resultslaogn in Table 5.9 (Models E - L).
The inclusion of (5.14) as a selection equationthwv = 1 if the crop type is
cultivated, andv = 0 otherwise, allows for the identification ofctars affecting the
likelihood of cultivating a certain crop type, whicould differ from factors affecting
the produced quantities. However, since all farnceitivate cereals (for subsistence
production), no selection model is estimated fas ttrop type (Models E, F, H, I,
Table 5.9).

Moreover, for each crop type, i.e., cereals, leguared high-value crops, two
different specifications are estimated. These $ipations differ in the dependent
variabley (Equation 5.13), whereby the first specificationodéls E, F, G, H, Table
5.9) assumes the share of the crop type in totednee as dependent variable. The
second specification (Models H, I, J, K, Table 5&es the revenue per crop type
divided by total farm size as dependent variablee &ffect of exogenous variables is
expected to be largely similar in both specificatipthough the second specification
better captures how exogenous variables affectagrral intensification per unit of
farm size.

Both dependent variables are a function of (1) serad variables affecting both the
crop selection and production quantities; (2) stxae variables solely affecting
selection and (3) input variables directly affegtproduction. This is also indicated in
the second column in Table 5.9. Variables in tih&t tategory are household labour
and farm size both influence both production questi being productive inputs, as

well as the crop mix through household subsisténoé preferences. The second
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category contains livestock ownership, inducingeednd for fodder crops and hence
influencing the crop selection. Finally, use ofekirlabour, fertilizer, manure and

pesticide, increase the dependent variables, buhewessarily in the same way for
each crop type as inputs may be applied selectively

The regression with the share of cereals as dependeable is done with a
Tobit regression censored at 1 (Model E). In th&s/wve correct for the bias due to
the right censoring of the dependent variables athlch occurs in a number of cases
when a farmer only cultivates cereals. The regoeskir cereal revenue per hectare is
done with OLS (Model I).

The consistency of the estimation may further Becééd by the inclusion of
manure application per hectare. The inclusion ofhblovestock ownership and
manure in the regression should allow for iderdificn of the specific effects of both
variables, i.e., an increase in demand for foddexdyrcts, and an increase in
production through fertilization, respectively. Hewver, the collected data on manure
use likely suffer from measurement errors. Totalnoma use is estimated by
converting the recorded number of donkey loads, elda@rows and/or local carts
applied into weight, by using measurements fronAlf€search facilities. Hence, the
resulting quantity is still a rough estimate.

Manure use correlates strongly to ownership of kmahinants, but this
variable also directly affects the crop selectiand by consequence does not qualify
as a good econometric instrument. Manure use deescarrelate (negatively) with
distance to the nearest market, but this variablargely the same for farmers in one
particular location, and considerable within-vikagariation is lost in an instrumented
variable approach. Still, a first stage regressobn'manure use’ on ‘distance to
market’ passes the rule-of-thumb for a strong imsgnt (Stock and Watson, 2003).
For all specifications and crop types an instrureéntariable approach is deployed,
though only in the case of cereals weak signifiedfgcts of manure use are identified
(Models F, J, Table 5.9). The regressions showhi@mother crop types are therefore
the uncorrected versions.

Moreover, an endogenous relationship between #pertlent variables and
the variable inputs fertilizer and hired labour neyst. This is likely to occur when
use of both inputs strongly correlates to weath#cames, which are not included in
the specification but captured in the error termfdtunately, no strong instruments

for fertilizer and hired labour are available. A in-Wu-Hausman test based on
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value of assets as an instrument for hired labalbeit a weak one, does not suggest
hired labour to be endogenous. Hence, no furthdogeneity correction is pursued
for these variables.

The results show that an increase in farm sizesas®s the revenue of cereals
per hectare (Model I), but this effect disappedisr a&orrecting for the measurement
errors in manure use (Model J). At the same timenarease in farm size increases
the likelihood of a farmer cultivating legumes angh-value crops (Models G, H, K,
L). These effects of farm size reflect that a fartincrease in farm size does not lead
to expansion of cereal cultivation, since subsiterequirements are already largely
met, but is used instead to expand the area ofeguand high-value crops.

Contrary to the simulation models (Section 5.4¢ #hatistical analysis does
not reveal any effect of household size and itasgglivalue on the revenue of cereals
and legumes (Models E, K), but household size d@diext the cultivation of high-
value crops, albeit with marginal decreasing effe@early, abundant availability of
household labour allows for a diversification irfigh-value crops, conditional on
having a sufficiently large farm size to meet sstesice requirements. Contrary to
expectations, increases in household labour avitatio not have a similar effect on
labour-intensive legume cultivation. However, uséioed labour does significantly
increase average revenue from cereal and legumgas difdodels I, J, K), but
decreases the share of high-value crops (ModeThis suggests that hired labour is
primarily used in production of the former cropsit lependence on hired labour
leads farmers to downward adjust cultivation ohkglue crops.

Higher livestock intensity positively affects avgeacereal revenue and the
share of cereal revenue (Models E, 1), but thieatffdisappears in the corrected
models (Models F, J). On the other hand, increabesstock intensity does
significantly increase average legume revenueghith the residues are high quality
sources of nutrition for livestock. Finally, theeeweak evidence that use of manure
benefits cereal cultivation, but not the other ctgpes. The effect of manure is
weakly significant and positive in Model F, and pige, but not significant in Model
J. Possibly the use of a stronger instrument cbatter identify the effect of manure.
At the same time the effect of using manure is krbat significant. An increase in
the use of manure with 1,000 kg/ha leads to areas® in the share of cereal revenues
by 0.17%.
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Fertilizer use increases the average revenue otrap types (Models I-L), but
appears to lower the share of cereals in totalmes€Model E), while this negative
effect disappears when correcting for measuremeatsein manure use (Model F).
Furthermore, pesticide use is observed to incréaseshare of high-value crops in

total revenue; crops which are indeed more prompests and diseases.

5.6 Discussion and conclusion

Crop-livestock integration (CLI) is viewed as orfetlte most important strategies to
improve low and declining levels of soil fertiliip the African savannas. However,
farmers do not only keep livestock for maintaingayl fertility, by obtaining manure,
which is subsequently used to redress soil fertiliss. Farmers also derive non-
tangible benefits of keeping livestock, i.e., irmwe, status, and financing benefits of
keeping a herd. The relative importance of thestofa may vary among farmers and
locations, thus influencing efficient herd size axberved levels of CLI. Therefore,
we use two complementary methods to analyse how san-tangible benefits and
CLI relate.

First, we use a farm household production modeloiatly optimise crop and
livestock production, accounting for different reaable preferences for non-tangible
benefits. The model is simulated for 120 farmerghm savannah region of Northern
Nigeria. The results show that an increased impogaof non-tangible benefits
increases efficient herd size, frequently to leys$ow maintenance feeding. As a
consequence of the larger herd however, the swgmyganic matter also increases.

The simulation results further reveal an inverseshdped relation between
labour per unit of cropland and herd size. It appdaat crop-livestock integration is
an efficient strategy at average levels of labayppsy. At low levels, most labour is
devoted to cultivating subsistence cereals. Wittréasing labour supply, legume
cultivation becomes possible, thereby boostinghéel size with a supply of high-
quality legume fodder. The results show that ah@idevels of labour supply, legume
cultivation decreases again in favour of the cation of high-value crops, mostly
vegetables.
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So far, most studies that explain differences endgree of crop-livestock integration
did so in relation to differential access to maskethostly resulting from the theory
laid out by Mclintireet al (1992). Our findings offer additional insightsdashow how
farm-specific characteristics, such as labour abdity, further lead to differences in
CLI. Not surprisingly, we find that herd size anthganic matter availability, i.e.,
rejected feed and manure, strongly correlate. Hemoeeases in herd size due to
increased importance of non-tangible benefits &e likely to lead to increased use
of manure.

The household modelling approach would suggest défiatient herd size
changes when a combination of both tangible andtaongible benefits of keeping
livestock are included in the objective functionithaugh the magnitude of
preferences for non-tangible benefits only has maifects. In the approach followed
the assumption is made that farmers maximise profihereby non-tangible benefits
are monetized as suggested by Bosraaral (1997). However, only assuming a
purely economic objective is not likely to captuhe multiple goals and objectives
that play a role in the farmer decision-making psst These goals and objectives are
better captured by using an approach similar toahe used in Chapter 3, further
incorporating production attributes such as riskrawn in relation to non-tangible

benefits of keeping livestock. However, this isside the scope of the present study.

In the second part of this chapter we introducexahmethod to statistically estimate
the magnitude of non-tangible benefits from hemksiWe apply this method and
analyse how household characteristics influencetran in this variable, In addition
we compare how household characteristics influense of manure and crop
selection. The main findings are summarized in @&b10.

First, an increase in household sizeteris paribus leads to an increased
likelihood of cultivating high-value crops, leaditmhigher levels of income that need
to be stored, possibly in addition to higher offrfiaincomes. At the same, higher
income leads to increased non-tangible benefitseeping livestock as measured by
the difference between simulated maintenance heedand actual herd size. These
larger differences could indeed result from higimeome, i.e., financing benefits, as
well as an increased demand for insurance in langeseholds. As a result of the

increased herd size, total manure supply is likelyincrease and, combined with

155



Chapter 5

higher availability of household labour, indeedufes in increased application of
manure.

But, as shown in Table 5.10, the existence of suplttern is conditional on
farm size, which should be large enough to allovehsuiversification, after
subsistence requirements are met. Thus, thesesesiggest the existence of two
different groups of farmers. On the one hand, thedist a group of farmers with
larger farms and higher labour supply that succdigsfliversify into market crops
and maintain a larger herd to mitigate risks, apgly organic matter in larger
amounts. On the other hand, there exists a groujrofers with small farms and
insufficient labour supply, that are not able teedsify into market crops, have a too

small herd to mitigate risks, and consequently suolyply small quantities of manure.

Table 5.10: Observed effects relating to crop-livestock integration

Leads to: | Cereals Legumes High value Non-tangible Manure
crops benefits use

A ceteris

paribus

increase in:

Household Size | - - Increases Increases Increases
share in total likelihood of total use
revenue and excess herd
average size
revenue

Farm Size - Increases Increases Decreases Decreases

likelihood likelihood of likelihood of average
of cultivation excess herd use
cultivation size

Livestock - Increases - n.a. n.a.

intensity average

revenue

Manure use Increases - - n.a. n.a.

share in
total
revenue

The table provides a summary of the main effects of household characteristics on indicators
of crop-livestock integration and crop selection as observed in Tables 5.7 and 5.8.

While the interpretation of these findings is imttely clear, a weakness in the
approach followed remains. The data do not hawanmdtion on additional purchases
of feed resources, which might further explain tieserved differences between
simulated and observed herd size. However, giverbthkiness of fodder and lack of
transport means, large sales and purchases of faddside a village are unlikely.
Hence, if farmers do purchase additional feed, thesy likely to do so from their
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neighbours. An important policy question then oscas to which types of farmers
sell, and which ones buy. This remains subjecfudher research.

The observed patterns of total livestock ownershi@gnure use and crop
selection have some important implications. Fitsie results suggest that only
ownership of small ruminants correlates with usenahure. On the other hand, total
livestock ownership does influence the demanddguine fodder. These findings, in
combination with the observed differences in owhigrsof livestock types, may
suggest that farmers are heterogeneous in thderprees for keeping livestock. In
fact, it may be useful to classify farmers on thaiestock portfolio initially, and
secondly carry out an empirical analysis to idgniwvhether the production responses
differ for farmers for which livestock plays a d@ifent role.

Furthermore, we identify a significant and negatiorrelation between use of
manure and the distance to the nearest markethéisame time, the distance to
market does not affect crop selection. Hence,dhigelation suggests that manure use
is higher in locations close to markets, which astcary to the findings from the
simulation model deployed by Abdoulaye and LowegkHeeBoer (2000) as well as
in the model of Mcintireet al. (1992). Both studies suggest manure use is litely
decrease if markets develop and supply of inorggemtdizer becomes more constant
and affordable. The latter aspect of market devatyg may however not hold for all
locations in this study, including the ones clasenarkets.

Our results suggest that non-tangible benefitseeping livestock are highest
at farms where labour supply per unit of farmlaadighest. These same farms are
most likely to cultivate high-value crops, and tiigher non-tangible benefits likely
result directly from financing and wealth storagméfits of livestock in the absence
of formal financial institutions. The larger herditself induces a larger supply of on-
farm manure.

Marenya and Barrett (2007) observed that inorgamd organic inputs are
used complimentary and, in locations well integiaiteto markets, the use of both
increases. This finding may also result from nargthle benefits of keeping
livestock, if the cultivation and the subsequentkating of high-value crops are only
feasible in locations close to market outlets. Ttienrevenues of such crops may be
stored in livestock, and manure supply increas@seSmarkets are usually found

close to major markets, the increased use of macamealso be confounded with
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increased use of organic urban waste. In one olottaions in our study such urban
waste is likely to play an important role.

An important implication resulting from this linef seasoning is that the
development and introduction of formal financialrkeds in rural areas may have a
negative effect on the use of organic fertilizenisTshould be addressed in additional
research. In particular, the approach to quantifg-tangible benefits in this chapter
could be used to compare rural locations that diffeaccess to formal financial
institutions, to analyse whether such institutitaasl to significant differences in non-
tangible benefits. Furthermore, differences in ascéo savings accounts and
insurance policies may well identify two of the asgie components, financing and

insurance benefits, which make up non-tangible titsr&f keeping livestock.
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Chapter 6
6.1 Heterogeneity in African agriculture

Growth in African agriculture greatly lags behindpplation growth. For example,
average annual growth in agricultural productiomigeria was 1.7% since the 1990s,
while population growth stood at 2.6% (World BagR08). As a result, most African
countries, including Nigeria, turned from being@us producers at independence to
food importers today (FAOSTAT, 2009). Moreover, ples the success of green
revolution technologies in Asia, adoption of sughgtices in Africa has been low.
This is in part attributed to the large diversityAdrica, more specifically factors such
as heterogeneity in soil fertility and other bioplwal conditions, as well as in farm
livelihood strategies, reflecting adverse polici€sirthermore, the low degree of
infrastructure in Africa, as compared to many Astaantries, is frequently assumed
to constrain growth (World Bank, 2008, Ch.2).

To increase low agricultural productivity and entathe low quality of the soil
resource base, implementation of a combinationtefspecific technologies, policies
and improved institutions is required (e.g., Rubeal, 2001; Ehui and Pender, 2005).
By consequence, agricultural research has movedarttsw creating a better
understanding of the different types of heteroggraiserved, their drivers, and how
they affects, e.g., the quality of the soil fetyilresources in terms of their fertility
status. Such research attempts to quantify heteeitye as well as to identify trade-
offs, e.g., between production attributes suchrafitp and sustainability. With such
information researchers can better assessxtenteimpact of new technologies and
policies on production and soil resource use.

This study makes a contribution to quantificatiord detter understanding of
three specific types of household heterogeneityreMapecifically, the first aim is to
unravel the relationships between heterogeneityoiss and objectives on one hand
and production decisions and nutrient budgets erother hand. This research aim is
addressed in both Chapters 2 and 3. The secongdmrelate heterogeneity in soil
resources to productivity and efficiency, whichaiddressed in Chapter 4. The third
aim is to relate heterogeneity in non-tangible Mé&neof keeping livestock to
production decisions. This issue is investigate@apter 5.

The main finding in Chapter 2 is that heterogendityfarmers’ goals and

objectives does significantly explain differencesagricultural productivity, although
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the bias incurred by ignoring heterogeneity islikatly to be very large. Next to well-
described goals such as risk aversion, some nevg,gaach as a desire for self-
sufficiency, are identified that affect productidecisions.

Subsequently, Chapter 3 identifies the effect ofetogeneity on nutrient
budgets, combining a bio-economic household sinaatinodel and multi-attribute
utility theory. Differences in goals and objectivappear to lead to considerable
differences in soil nutrient budgets. Very few stgdthat apply such simulation
models include heterogeneity in farmers’ goals abjkctives, which could lead to
false conclusions and biased policy recommendations

Chapter 4 concludes that ignoring within-farm hegeneity in soil fertility can
lead to erroneous conclusions on farm efficiencyele and biased policy
recommendations that fail to address true detemmsnaf inefficiencies, such as
labour constraints.

In Chapter 5, the relative importance of non-talegibenefits of keeping
livestock is investigated. As a first step, nongiate benefits are included in a farm
household simulation model. The results from thesvrapproach suggest that the
impact of non-tangible benefits is modest, thougkeirt relative importance is
dependent on the specification of the criterioncfiom in the simulation model.
Second, a novel method is then used to empiricedtgrmine the magnitude of non-
tangible benefits. These benefits are found taabgel for relatively larger households,
that also frequently cultivate high-value crops.nele larger herds, and, by
consequence, increased application of manure, cthddefore be attributable to

perceived higher non-tangible benefits of keepwegstock.

These findings have a number of implications amthér questions. In the remainder
of this chapter, three important issues are digglidsirst, as shown in Chapters 2 and
3, considerable heterogeneity in farmers’ objestigsad goals is identified, some of
which affect production decisions. In Section G2oaerview of the major findings of
this study is given and the implications for furtmesearch are discussed. Second, a
farm household modelling approach is used in Chg@eand 5. Given the need to
better incorporate behavioural heterogeneity irhsuodels, we discuss in Section 6.3
the future role of such simulation models, focusamghow to improve their accuracy.
Finally, sustainable use of soil resources angiitsnotion has been a topic in all

chapters in this study. Based on our major resefandings, an overview is given in
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Section 6.4 of how these can be used to enhancsuttiainability of the use of soil
resources in Sub-Saharan Africa. At the same tiemaining knowledge gaps are
identified.

6.2 Understanding heterogeneous behaviour

As shown in Chapters 2 and 3, rural smallholdemé&s in northern Nigeria differ
considerably in their goals and objectives. That,séhe results underline the
importance of risk aversion, which is not unexpéajesen the ample attention risk
has received in literature. In Chapter 3, risk si@r is operationalised by calculating
the variance-covariance matrix of crop yields andlgsing how actual farmers’ crop
choice relates to the best and worst outcomes ssiple variance levels. In Chapter 2,
a different approach is deployed, in which riskrai@n is measured through a latent
variable. This variable is identified with a factamalysis, which is applied to several
Likert-type questions and a pair-wise goal rankiAghough different methods are
used, both identified risk variables are found igni§icantly affect production. In
Chapter 3, risk aversion leads to lower and/or tieganutrient budgets, while in
Chapter 2, increases in risk aversion explain lolgeels of profit efficiency and
higher levels of food efficiency.

At the same time, the significance of variables sneag profit maximization,
the most common assumption on behaviour in econstudies, appears to be modest
at most. One latent variable is identified throdlgd approach followed in Chapter 2
that relates to profit maximization, but this vala does not further explain
differences in profit efficiency levels. A smallayp of farmers for whom profit

maximization is an important objective are idestifin Chapter 3.

Yet, it becomes clear that risk aversion is not tmdy attribute that influences
production. In fact, the main reason for followitlg extensive approach in Chapter 2,
combining a pair-wise goal ranking and additionakstions, is to map the full
diversity in goals and strategies. This approasb &d to the identification of some
not previously identified variables that affect guation decisions. ‘Striving to be a
successful farmer in the future’ and a strong aagon towards subsistence
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production, both influence production and efficigrlevels. No other studies have
identified these variables before.

Little of the variation in both these latent vategis explained by household
characteristics. However, village dummies do expkgnificant differences in these
variables, suggesting that social norms and otbeal Iconditions to some degree
influence farmers’ objectives. At the same timensiderable variation in these
variables remains unexplained, suggesting thesks goal objectives are to a large
degree intrinsic to farmers, and not strongly deleaeh on characteristics like age and
education level.

Finally, it is likely that environmental concern$ farmers, more specifically
those related to maintaining soil fertility levepgrtially explain production decisions
at smallholder level in Africa, similar to the wéyey influence farmers in developed
countries. However, the methodology aimed at idgnty preferences or goals
related to environmental concerns did not providectusive results. In Chapter 2,
maintaining soil resource quality is included ire tpair-wise goal ranking and is
addressed in a number of questions as well. Howéwese measures do not appear to
relate to the same latent variable, but the questido correlate with technical
efficiency levels, whereby a lower expressed abilit preference to maintain soll
fertility levels leads to lower technical efficignc

The approach followed in Chapter 3 does identifstanability with regard to
use of soil resources as an important attributeafoglatively large group of farmers.
However, the resulting farm plans appear strongtyilar to profit-efficient farm
plans. Hence, it is not directly clear whether éhegights solely measure preferences
for use of soil resources, or a combination of ipldtattributes.

The approaches followed in Chapters 2 and 3, affhcapplied in several other
instances, are different from frequently used expemtal methods to measure
preferences. Cardenas and Carpenter (2008), fanmga present a synthesis of
economic experiments with farmers in developingntoes, focusing, amongst other
things, on measuring risk aversion, altruism antifoe preferences.

The motivation for the non-experimental approadioveed in Chapter 2 is to
investigate which preferences or latent variables/ @ role in farm production
decisions. This is done because there isanpriori reason to assume that such

decisions only depend on, e.g., risk aversion. digeificant effect of variables other
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than risk aversion and profit maximization confiringe relevance of this line of
thought. Additional research should therefore ainreplicating these findings and
methods need to be identified to more accuratelgsme these latent variables with
more accuracy need to be identified. Potentiallis tan be accomplished by using
experimental field research methods.

In the approach followed in Chapter 2, farmers weoé provided with any
prospective payments when making their choices. chiméces made in the pair-wise
goal ranking and the answers given to the questimaese therefore in no respect
motivated by a potential pay-off, but solely remed individual preferences.

However, the preferences displayed could also baea driven by differences
in perceptions, of for example risk or the seveatysoil fertility depletion. This in
fact, is the main motivation in many studies forking use of a controlled field
experiment, for example, to elicit risk preferencBsen, by presenting a game with a
certain expected pay-off and a known distributibloutcomes, the perceptions of the
associated risk are similar to all participantse Toices that the participants make
are consequently only attributable to individuadfprences and not to differences in
perception.

Currently, experimental methods are still beingned to accurately measure
preferences, for example risk preferences. A comimproach to measure risk is
derived from the expected utility theory, while thie same time much research
findings show that the expected utility theory doed always hold (e.g., Thaler,
1999). Hence, research has set to measure riskragd from cumulative prospect
theory, making it a two-dimensional measure. Rdge@tiu and Steiger (2009) show
that risk aversion measures of the componentstim dimensions tend to be unrelated.

Further research should establish the best wayse@sure variables such as
risk preferences. At the same time advances inrerpatal field methods could be
used to measure the other latent variables thatdardified in the current research.
Such measures can subsequently be used to anabyseanturately how these latent

variables influence agricultural production deaisio

Clearly, the findings in this study suggest thathuwmber of farmer production
attributes, in addition to the well described atite of risk aversion, influence
agricultural production decisions and nutrient betdgFurthermore, while the effects

of different goals and objectives on productivifypaar small, the effect on nutrient
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budgets was relatively large. Moreover, differentegarmers’ goals and objectives
may also explain other observed differences amamajlsolder farmers such as, e.g.,
(dis-)adoption of agricultural innovations as wal decisions with regard to off-farm

employment.

6.3 Advancing simulation tools and methods

In Chapters 3 and 5, a simulation model based othemnaatical programming
methods is used. The results in Chapter 3 demdeadtrat such models are sensitive
to the specification of the criterion function. Hen in order to obtain accurate and
representative results from the application of mnféaousehold model, the farmers
included should not only be stratified accordingetmowments, but also with regard
to goals and objectives. The methodology preseimedhapter 3 could serve as a
basis, but further research needs to improve tlethod, such that the results can be
given a level of statistical significance.

A promising way to obtain weights that more acaelsatreflect farmers’
preferences would be to incorporate bootstrap nasthie the methodology used in
Chapter 3. This would be similar to methods useel.gn, Data Envelopment Analysis
(e.g., Simar and Wilson, 1998). Such a modificatmuld open up possibilities for a
more detailed second-stage econometric analysi®nbeyhe simple correlation
analysis presented in Chapter 3. The accuracydf an analysis, however, remains
conditional on three important aspects. Firstpadiduction attributes that are relevant
should be included in the analysis and be mutualilty-independent. As is clear
from the discussion in Chapter 3, such an assumptiay not always hold, while at
the same time the condition of utility-independerscdifficult to test in practice.

Second, and especially of concern in dynamic apptins, there is little
certainty that assumptions in a static framewonkai valid over time. In fact,
farmers’ production attributes or preferences ey to shift over time, as a result of
which the criterion function or other componentstioé optimisation model could
change. As yet, little is known about shifts infprences. Moreover, since we use a
static model in both Chapters 3 and 5, this pamtat discussed in further detail.

Third, a representative analysis requires thafltleeconomic) farm household

model itself be calibrated correctly. More speaifig, the parameters are likely to be
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prone to measurement errors. The consequencescbf isaccuracies, for which

several options for improvement exist, are disaligsenore detail below.

In agricultural economics, linear programming mehdave been applied widely in
the 1970s and 1980s, but lost ground in recensyeaainly because techniques from
econometrics are better equipped to deal with nherent stochastic nature of real-
world problems. More specifically, a drawback ofelar programming methods is that
standard errors and confidence intervals of sinarabutcomes are usually not
computed. As a result, it becomes difficult to drg@neral conclusions. On the other
hand, a main advantage of mathematical programmapgroaches is their
applicability in research problems where identtiima of relationships with
conventional econometrics techniques is intractalde highly biased due to
endogenous relationships among variables. For ebeamggression techniques would
have been unable to determine the weights in thié-attribute utility approach in
Chapter 3.

At the same time, however, a detailed study estilgatany parameters in
detail, incurs great cost to a researcher. For el@nthe regression results from
Chapter 4 suggest that within-farm differences oii ertility lead to considerable
differences in crop production levels. In the siatian models used in Chapters 3 and
5 no such within-farm differences were accounted fthe number of farmers
included in the analysis would render accountirgdigtailed soil fertility differences,
and their specific effects on crop production, irsgible. The high cost involved in
doing so would limit the analysis to a small numbgfarms only. By consequence,
there would be no guarantee that these remainimysfavould be representative in
some way, given the considerable heterogeneitpaisg objectives and endowments.
This is undesirable as the value of simulation nedes partially in their capability
for establishing general results.

Next to the high-cost motive, a further argumerdiast accounting for such
farm differences, and/or other variables in disaggted detail, would be the
inevitability of measurement errors. Many applioas of bio-economic models do
not address measurement errors in data used, fipartyield uncertainty (e.g.,
Chapter 3 in this study; Tauer, 1983; Barbier, 29%®wever, not only parameters

related to yields are uncertain.

166



Discussion

Many parameters in a farm household model are basedield surveys,
sometimes complemented with expert knowledge, sclhe labour requirements
introduced in the various farming systems in ChaptéVany of these values are thus,
at best, a rough estimate of their true valuesongll (2008) equally stresses this
concern, especially since labour requirements, @tormeasurement errors, drive the
solution, i.e. are binding constraints. This isaried in Chapter 3 as well, and these
errors may therefore obscure insight in the modslystem.

With the estimation of each additional disaggregigtarameter in a simulation
model, measurement errors affect the simulationltesto some degree. More
parameters are thus adding more uncertainty tsithelation results. In the end these
measurement errors could be larger than the agipagarror if a higher level of
analysis, i.e., assuming homogenous farm land tguakd been chosen.

Notwithstanding its declining use in empirical ecorcs research, linear and non-
linear programming methods are widely used for manyposes in modern-day
society. Many of these applications take explictaunt of stochastic properties of
and/or measurement errors in parameters by usingnaber of techniques from
operations research. Surprisingly, this methodckgidevelopment has largely
bypassed farming systems research.

A common approach is to apply calibration checkshendeveloped household
model. This usually consists of a comparison ofusitted with observed production
decisions, assuming that a large similarity suggtsit the model accurately reflects
the true underlying farmer decision-making procésswvever, given the large number
of parameters included in a model, all of which subject to measurement errors and
may drive the optimal solution in different diremis, there is no guarantee that this
method provides conclusive proof of model validatio

Furthermore, such a validation approach can onlguseessfully applied if full
information on the criterion function, i.e. farmegoals and objectives, are known,
which is not commonly the case. In fact, the apgindallowed in Chapter 3 exploits
the difference between actual and simulated crappaiterns, whereby the difference
is hypothesized to relate to differences in farmgosls and objectives.

Alternatively, researchers frequently apply sewmsiti analysis to some key

variables. This, however, is most often appliedthe so-called right-hand side
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variables, i.e., the endowments, but not typictdlyariables in the production matrix,
such as labour requirements, as that would berw¢onsuming.

Hence, the impact of measurement errors in suclanpsters on model
outcomes is often ignored, since the researchey boehave a reasonable alternative.
However, alternative approaches to address thisgmohave been proposed, some of
which may be easily applicable in (bio-) econonaiori household models.

First, a number of stochastic programming approadhave been applied.
Recourse models, for example, are suitable to maxthgbtive efficient farm behaviour,
conditional on stochastic weather events and uaiceyield outcomes. Such a model
has been implemented at farm-level in Burkina F@daatmanet al, 2002). The
model outcomes show how farmers efficiently shatbdur between crops, based on
realised weather outcomes, due to changes in naugioductivities.

In addition, the use of probabilistic programmingthods has been advocated.
Based on identification of a parameter that is spSble to some stochastic event,
some constraints are incorporated as chance constrdhe model is subsequently
set-up such that these constraints hold for mostomes of this stochastic event,
commonly in 95% of the cases. Application of suppraaches is, however, marred
by some difficulties. First, the actual distributi@of the stochastic event has to be
specified in detail, which is not always feasitfiecondly, and more importantly, in
many instances the resulting solution set of tls@@ated mathematical programming
problem is no longer convex (e.g., Ben-€&alal, 2006), limiting identification of an
optimal solution.

An alternative development is so-called robustrojgation. In this method, it is
implicitly assumed that some parameters, suchltamitademand in the case of a farm
household model, are uncertain. Instead of setirgh a parameter to a single best
estimate, an interval is pre-specified, containatiglikely values of this parameter.
For example, instead of setting monthly labour nexpents in a cropping system to
600 man-hours per hectare, it may be more reasetal@dssume this requirement to
fall between 550 and 650 hours per hectare. Thig atso reflect the fact that a
farmer adapts his strategy to weather outcomedirnigdo higher or lower labour use,
conditional on a certain target output target level

The optimisation approach subsequently searcheghforbest solution that
holds for all labour parameters in this intervaheTtechnicalities of the method, its

main motivations and applications are describedniore detail by Ben-Tal and
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Nemirovski (1998; 1999; 2008). Contrary to chanoastrained optimisation,
convexity is maintained in robust optimisation awhes, making it computationally
suitable for the introduction in bio-economic fanmusehold models, leading to more

reliable modelling outcomes.

Hence, the research in this study has illustraked it is crucial to incorporate an
accurate representation of farmers’ objectives inicaeconomic simulation model.
The discussion above indicates that the reliabitysuch simulation models can
further benefit from a correction for data uncertigs. These improvements are
necessary to analyse how soil fertility replenishtran be stimulated at smallholder
level in Africa. Based on the findings in this sfudle now turn to a number of

potential avenues for enhancing sustainable useibfesources.

6.4 Promoting sustainable use of soil resources

The results from the application of the bio-ecormsimulation model in Chapter 3
show that nutrient budgets are, not surprisingighést and mostly positive for
farmers with a strong revealed preference for tstagnability attribute. Preference
for many of the other attributes, including riskeession and some instances of
maximisation of gross margins, soil nutrient budgate negative. As discussed in
Section 6.2, it is not directly clear whether théseners choose sustainable cropping
patterns solely for reasons of sustainability, @t tother attributes play a role. What
does become clear is that sustainable croppingrpatinclude the cultivation of high-
value crops, with higher nutrient input levels. thermore, farmers characterized by
high degrees of risk aversion will not choose swcbpping plans, but choose
cropping plans that are less sensitive to risksLgsk-sensitive cropping plans are
dominated by cereal crops, characterized by lowputi levels and higher levels of
nutrients removed in crop products. This explaine lower or negative nutrient
budgets, particularly for phosphorus and potassium.

In the simulation model used in Chapter 3, only rmoagtrients were considered.
Recent soil research suggests that micronutrigetgnareasingly becoming depleted,
especially in the wake of higher use of inorgaredilizer. The increased use of

manure can play an important role in recycling soatrients.
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At the same time, the results of this study cledlilystrate the consequences for
production to farmers that diversity less in piabie high-value crops. The efficiency
analysis in Chapter 4 illustrates the effect ofromer rotation among types of crops,
and a stronger dominance of cereals in the croppattern, on production levels. In
most locations, narrower rotation result in deceeai® maize yields. This decrease
likely results from both, lower soil fertility ley®e and increased pest and disease
pressure. While rotation does not appear to afegghum production, all regression
results in Chapter 4 highlight the importance offedences in soil fertility on
production and efficiency levels.

Chapter 5 further illustrates the relationshipsmeein farm types, crop types
cultivated, livestock ownership and use of manurbBe results from the farm
household model show how optimal herd size dependthe availability of fodder
from legume and cereal residues. The supply of dodd itself depends on
availability of labour and land, the most importatidowments of smallholders.
Furthermore, the simulation results suggest thathat highest levels of labour
availability per unit of farmland, farmers increake cultivation of high-value crops,
resulting in reduced supply of fodder crops andilsize.

Yet, the subsequent regression analysis in thiptehaloes not confirm these
findings. While the analysis shows that at the agjhevels of labour availability,
cultivation of high-value crops is most extensiitealso reveals that such farmers
maintain herd sizes that are ‘too large’, giveruacfodder availability. Furthermore,
the regression analysis in Chapter 5 shows thatuh&/ation of high-value crops is
conditional on the availability of a sufficientlgrige farm, while similarly in Chapter
3 it is shown that levels of risk aversion decre@se the cultivation of high-value
crops increases) with increasing farm size. Given larger herd size such farmers
keep, manure use is also higher, further facilitdtg higher labour availability.

The regression results in Chapter 5 suggest masuoaly used on cereals,
while the analysis in Chapter 4 suggests this mdstinefits sorghum production.
Marenya and Barrett (2007) also suggest manureetaided on crops selectively,
mostly in cereal subsistence production. Similartyany of the integrated crop-
livestock systems stimulate the use of manure aratecrops, since legumes fix
nitrogen naturally, and may only need some addiighosphorus. Hence, the total

mix of soil nutrients in manure will benefit ceredlhe most.
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Again, and similar to those of Marenya and Bar{2®07), our results suggest that use
of both inorganic and organic fertilizer increagemtly, but only in the relatively
wealthy households, i.e., those with sufficient $ehold and farm sizes. The
explanation offered is that herd size increasdbede farms as a result of increased
non-tangible benefits, in particular financing biise An important implication of
this hypothesis is that manure use is likely toreéase when formal financial
institutions develop. Very little is yet known ohet relationship between (in)formal
financial arrangements and crop-livestock integratiGiven the important role of
organic fertilizers in combating soil fertility dawe, also with regard to recycling
micronutrients, more research on this subjectgenily needed.

The methodology developed in Chapter 5 to identidy-tangible benefits of
keeping livestock can thereby be used further. fmeshod can be used to calculate
such benefits in households and/or villages thif¢rdin access to financial services.
Similarly to the approach followed in the secondt wd Chapter 5, an econometric
regression can identify the effect of access tm#difinancial services on herd size.

More worryingly, however, is the suggestion of Rofi(2008) that nutrient
losses in integrated crop-livestock systems arédsgin the poorest households.
Hence, even while the quantities of nutrients rexyare lower, the losses are higher
too. At the same time, this can be a result of éasslable labour to transport manure.
Unfortunately, the prospect for reducing labourtead using manure seems limited,
given its bulkiness and the low levels of infrasttme and mechanisation. Again,
these results suggest the need for specific pslitdeassist the poorest groups of
farmers, who may, at least from the point of seitifity resources, be caught in a
poverty trap.

Clearly, designing policies that can engage graipssk-averse farmers in the
cultivation of high-value crops, without the fukosure to risk may thereby also lead
to more sustainable use of soil resources. Whileips aimed at facilitating input use
can be designed and implemented relatively easyg, ntore difficult to reduce the
actual risk exposure to the poorest and most nekse groups of farmers. The
potential for risk-sharing arrangements among fasnie one location is likely to be
low, because the risk of crop failure in a pareubcation is covariant (as it largely
depends on external factors such as weather consliaind the occurrence of pests

and diseases).
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The exact potential for cooperation in sharinggiskd their impact on soil nutrient
budgets could be further analysed by combiningria faousehold simulation model
with concepts from cooperative game theory. Codperagreements among farmers
continue to play an important role between farmeven in areas well-integrated into
markets. In Burkina Faso, many farmers are engagstarecropping arrangements
(Bernardet al, 2008a, 2008b). Furthermore, in other instantasners engage in
cooperative agreements to manage natural resomreesustainable way (e.g., Boone
et al, 2005). The potential role of farmer (cooperatieeyanisations in managing
natural resources is acknowledged by the World Ea6R8).

Yet, empirical studies suggest that only similar gmnilarly endowed) farmers
cooperate, which is also called the middling eff@@ardhan, 2000), because the
poorest farmers have little to contribute, while tichest do not need a cooperative.
Very few studies, however, quantify the differendesreturns to participants in a
cooperative. In a recent study (Gerichhauseal, 2009), we introduce a framework
to analyse the costs and benefits of cooperatibe. flamework is based on a farm
household model, while division rules from coopermigame theory are applied to
partition additional revenues generated by entegicgoperative agreement. In such a
way, agreements can be identified in which all ipgrénts have an incentive to
cooperate, i.e., their revenues are higher in gp@&@tion compared to a situation in
which they farm alone.

Application of this framework by the authors, usthg farm household model
developed in the current study, shows that in theeace of transaction costs all
farmers, poor and rich, cooperate in a hypothetihatecropping arrangement. On the
other hand, introduction of transaction costs, sashcosts of meeting, travel and
moral hazard, replicates the middling effect. Sitiheeframework is based on separate
farm households, it can directly be extended wiih sutrient budgets and multiple
attributes, including risk aversion. This framewadn then be further used to guide
policy design that enhances the sustainable useibfesources, particularly for the

least-endowed groups of farmers.
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A.1 Questions included in survey eliciting farmer gals and

preferences

Table A.1: Questions included in the survey.

# Question

Q1 It is our duty to produce enough from the farm for our own family needs

Q2 If I could earn more money on the market, | would sell all my produce

Q3 It is better to consume your produce than to sell it

Q4 I only sell crops when | need to buy other amenities (food, clothes, medicare, school
etc.). Otherwise | store my harvest.

Q5 In the future | would like to grow more crops for sale

Q6 | want to have a bigger farm to expand my farm business

Q7 | prefer Sorghum over Maize because the yields vary less

Q8 Growing a lot of different crops reduces the risk of farming

Q9 The best farmers are the ones that take more risks

Q10 Since the prices of commodities fluctuate a lot, | prefer to produce strictly for my own
needs

Q11 | find manure application and other measures of soil maintenance too cumbersome

Q12 In order to make money and/or produce enough food for my family | sometimes have to
do things which are not good to the soil

Q13 To secure good production in the future, | invest in my soils every year

Q14 | cannot influence the yields/production through soil management

Q15 Farming is too arduous for me

Q16 Other jobs and activities give me more satisfaction than farming

Q17 | encourage my children to find another profession in the future
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A.2 Definitions of variables and parameters used ibata

Envelopment Analysis Models

Table A.2: Definition of sets used in Data Envelopment Analysis models

Set Description Contents

P Peers

F=P Firms

O Outputs Cereals; Legumes; High value crops; Rice; Sugarcane
I Variable inputs | Fertilizer; Manure; Pesticide; Hired labor

K Fixed inputs Household labor; Farm size; Fadama size

Table A.3: Definition of parameters used in Data Envelopment Analysis models

Parameter| Description

Z k Use of fixed inputs K by farmer f under consideration

Zpk Use of fixed inputs K by potential peer farmer p

Xg,i Use of variable inputs i by farmer f under consideration

Xp,i Use of variable inputs i by potential peer farmer p

Vi.0 Level of output O of farmer f under consideration

Yp,o Level of output O of potential peer farmer P

TE Actual profit level of farmer f under consideration

i Actual food production level of farmer f under consideration

Table A.4: Definition of decision variables used in Data Envelopment Analysis models

Variable Description

X*f’i Feasible alternative input level for farmer f under consideration
fo Feasible alternative output level for farmer f under consideration

Np Weight given to peer p

mE Feasible alternative profit level for farmer f under consideration

W Feasible alternative food production level for farmer f under consideration

PE Profit efficiency level of farmer f

PAE Profit allocative efficiency level of farmer f

FE; Food efficiency level of farmer f

FAE Food allocative efficiency level of farmer f

of Technical (input-oriented) efficiency level of farmer f

B Technical (output-oriented) efficiency level of farmer f
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A.3 Mathematical description of profit efficiency DEA-model

MaxM, =>Y *p-> X *y-> z,*y (A1)
oJO il kOK

Z 2 2, "N, Ok=1,..K (A.2)
pOP

X2 X ¥ A, Oi=1,..,l (A.3)
pOP

Y <D Yot A, Oo=1,...,0 (A.4)
pOP

Z/\p =1 (A.5)

pOP

PE, =n, /M, (A.6)

This mathematical model, using the notation intemtlin Tables A.2, A.3 and A4, is
solved for each farmer individually, whereby alirfeers in the data set, including the
farmer under consideration, act as potential paerthis specification weight4, are
chosen such that the potential profit in (A.1),dzhen feasible input and output levels
X'ti and Yo, is highest. The weights determine a weighted doation of fixed
inputs, variable inputs and outputs of peer farmieys (A.2), (A.3) and (A.4)
respectively. Feasible input and output levetstarmerf, X ;; andY ;,, which in most
cased differ from observed input and output lexglandy;,, are constrained by the
weighted combinations (A.2), (A.3) and (A.4). Iretprofit specification (A.1), the
costs of observed fixed input levels are includdathout loss of generality, while
(A.2) ensures that use of fixed inputs in the wiidghcombination of peers is not
greater than observed levels of fixed input. Thefipof the resulting combination of
inputs and outputs is determined by (A.1) and caeghavith actual profit in (A.6) to
determine the efficiency score. By construction #ffeciency score has an upper
bound of 1, which is achieved if no combinatiorfariners gives a profit higher than
the actual profit of the farmer under considerati@inally, the weights sum up to 1 as
a result of (A.5).

Subsequently, for each farmer a measure of prdlbcative efficiency PAE) is
determined by applying an additive decomposition7jAof total profit lost due to
inefficiency (e.g., Ray, 2004, p.233). In this deqwsition,l1; is the efficient profit

level determined in (A.1)i% is the actual profit level of a farmer based osesbed
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input and output levelg; is the actual cost based on observed input leedsy; is

an input-oriented measure of technical efficiency.

(rlf _nf)

PAE, =~ —-[1-a;] (A.7)

The measurer; is obtained by solving the mathematical prograiimdd by (A.8) —
(A.12), again using the notation introduced in Tabk2, A.3 and A.4. In the
mathematical program the minimum feasible levahplit use (or maximal reduction
in inputs) while holding the levels of output caandt (A.11), is determined through
(A.9) and (A.10). Furthermore, (A.9) ensures thsg of fixed inputs in the weighted
combination of peers is not greater than obsereeels of fixed input. Both input and
output levels are conditional on a weighted comtoomaof peers through the choice
of Ap.

Min a; (A.8)

Zf,kzzzp,k*/\p k=1, ....K (A.9)
pOP

Xe; "0y szp,i*/\p Oi=1,..1 (A.10)

pOP

YioS D Yoo * N, Oo=1,..,0 (A1)
pdP

2N, =1 (A12)

pOP
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A.4 Mathematical description of food efficiency DEAmodel

MaxW, =>Y *e (A.13)
oJO

Z 2,2, 5N Ok=1,...K (A.14)
pOP

X1 2 %, " A, Oi=1,..1 (A.l5)
pOP

Y <> ¥t A, Oo=1,...,0 (A.16)
pOP

A, =1 (A.17)

pOP

FE, =¢, W, (A.18)

This mathematical model, using the notation intredlicn Tables A.2, A.3 and A.4, is
solved for each farmer individually, whereby alinfeers in the data set, including the
farmer under consideration, act as potential peerthis specification weightg, are
chosen such that the potential food productionArl), based on feasible output
levelsY';,, is highest. The weights determine a weighted coattzin of fixed inputs,
variable inputs and outputs of peer farmers by 4).1A.15) and (A.16) respectively.
Feasible input and output levéts farmerf, X ;; andY 1., which in most cased differ
from observed input and output levels andy:,, are constrained by the weighted
combinations (A.15) and (A.16). Furthermore, (A.&#dsures that use of fixed inputs
in the weighted combination of peers is not gre#itan observed levels of fixed
input. The food production of the resulting weightemnbination are determined by
(A.13) and compared with actual food production (h.18) to determine the
efficiency score. By construction the efficiencyse has an upper bound of 1, which
iIs achieved if no combination of farmers gives adfgroduction higher than the
actual food production of the farmer under congiten. Finally, the weights sum up
to 1 as a result of (A.17).

Subsequently, food efficiency is decomposed intehrecal output-oriented

efficiency, £, and food allocative efficienc¥AE;, by applying (A.19).

1
FE, = FAE, *ﬁ— (A.19)

f
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The measuré is obtained by solving the mathematical prograrfimdd by (A.20) —
(A.24), again using the notation introduced in Tabk2, A.3 and A.4. In this
mathematical program the maximum feasible outpuélléor maximal increase in
outputs) is determined by (A.20) and (A.23), whilput levels are held constant by
(A.21) and (A.22). Both input and output levels amenditional on a weighted

combination of peers through the choice\gf

Max (A.20)

Zf,kzzzp,k*/\p k=1, ....K (A.21)
pOP

X2 D X0 ¥\, Oi=1,..1 (A22)
pOP

Yio*Bi S Yoo ¥, Oo=1,..,0 (A.23)

padP
YA, =1 (A.24)
pUP
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Appendix to Chapters 3 and 5. Mathematical descripbn of

bioeconomic farm household model.
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B.1 Definitions of variables and parameters used irbioeconomic

model

Table B.1: Definition of sets used in bioeconomic model

Set Description Contents

| Inputs NPK; Urea; SSP; Cypermethrin

K Food requirements Energy; Protein

L Labour types Manual labour only; Manual with Animal labour
M Products Maize; Cowpea; Groundnut; Soybean; Sorghum;

Rice; Cocoyam; Tomatoes; Hot Pepper;
Sugarcane; Sweet Potatoes; Irish Potatoes; Okra;
Late Millet; Maize Fodder; Cowpea Fodder;
Groundnut Fodder; Soybean Fodder; Sorghum
Fodder; Millet Fodder

PM OM Perishable products Tomatoes; Hot Pepper
NM O M Non-consumable Products that are not counted in household
products energy production: Sugarcane, Tomatoes, Hot

Pepper; Maize Fodder; Cowpea Fodder;
Groundnut Fodder; Soybean Fodder; Sorghum
Fodder; Millet Fodder

FMOM Fodder products Maize Fodder; Cowpea Fodder; Groundnut
Fodder; Soybean Fodder; Sorghum Fodder; Millet
Fodder

N Cropping Systems Single cropping system are based on all crops M,

whereby either high or low amounts of inputs can
be applied. Furthermore, two commonly observed
intercropping systems are included: Sorghum-
Cowpea relay; Maize-Cowpea relay. Again, both
intercropped systems can be cultivated with either
high or low input use

FNON Cropping systems All cropping systems which include Sugarcane;
suitable for fadama fields | Rice; Tomatoes; Hot Pepper

S Soil nutrients Nitrogen; Phosphorus; Potassium

T Months April; May; June; July; August; September;

October; November; December; January;
February; March
TTOT Target production months | November; December; January; February; March

The table above provides the contents of each of the sets used in the bioeconomic model
applied in Chapters 3 and 5.

Table B.2: Definition of objectives used in bioeconomic model

Objective | Unit Definition

GMN Naira Attribute to maximize gross margins of products

sSuUs Kg Attribute to maximize nitrogen soil balance

VAR Naira Attribute to minimize variance or standard deviation of production plan
LAB Hours | Attribute to minimize labor use

The above four objectives are further defined mathematically in Section B.2.12, equations
(B.34) till (B.37). These four objectives are used to define four different simulation scenarios
for each farmer in Chapter 3.
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Table B.3: Definition of decision variables used in bioeconomic model

Variable | Unit Definition

AN, ¢ # Total number of goats being fed at feeding level f with ration r

BNFs kg Quantity of nutrient Sadded due to Biological Nitrogen Fixation.

BUYm: | ko Quantity bought of product m during period t.

CAPR, Naira Capital stock on hand at the start of period t.

CNSn: | kg Total quantity consumed of product mduring period t.

CSGn: | kg Quantity consumed of product mduring period t from own produce.

CSRht | kg Quantity consumed of product mduring period t from market purchased
products.

HAL; hrs Total time of hired animal (bull) labour used in period t.

HWL, hrs Total time of wage labour used in period t.

IPA; ¢ kg Total amount of input i applied during period t.

ITP; Naira Total amount of interest paid during period t.

LAN,, |ha Surface cultivated with cropping system N with labour system |

LON Naira Amount of outstanding loan at the start of period t

NAFs kg Quantity of nutrient S added through (in)organic fertilizer application

NLF kg Quantity of nutrient Sremoved in harvested fodder products

NLGs kg Quantity of nutrient Slost through gaseous losses

NLHs kg Quantity of nutrient Sremoved in harvested product

NLN Naira Amount of new loan taken during period t

NUTs kg Balance of nutrient S after one year

OLR hrs Total time of labour devoted to off/non-farm activities during period t

PRDn: | kg Quantity harvested of product m during period t

RLN Naira Amount of loans repaid during period t

SELm: | kg Quantity sold of product m during period t

STQn: | ko Quantity of product m stored at the start of period t in the store with own
produced products

STR.: | kg Quantity of product m stored at the start of period t in the store with
market purchased products

TLG kg Total annual gain in live weight of the herd size

TPDm kg Quantity produced of product min cropping season

VAR Naira Total Variance of chosen production plan

VAN Naira Total Variance of chosen production plan if negative

VAP Naira Total Variance of chosen production plan if positive

The table provides a formal definition of the decision variables included in the bioeconomic
model used in Chapters 3 and 5. Their use in the model is formally introduced in Section B.2,
where all equations and constraints are discussed.
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Table B.4: Definition of farmer-specific parameters used in bioeconomic model

Parameter | Unit Definition

ala hrs Animal (Bull) Labour available during period t

fds ha Total surface of fadama fields available to the farmer

frs ha Total surface of farmland available to the farmer

iniy Naira Other household income in period t

Ifr hrs hrs™ Fraction of total available labour that can be used for off-non/ farm
activities

mla hrs Family Labour available during period t

mep Naira Other household expenditures in period t

min Naira Maximum amount of credit available to the farmer during the

cropping season

The table provides a formal definition of all the farmer-specific parameters included in the
bioeconomic model used in Chapters 3 and 5. Hence, these parameter define the farmers’
resource vector. Their use in the model is formally introduced in Section B.2, where all
equations and constraints are discussed. In addition, Table B.6 provides an overview of the
data sources used to estimate these parameters.
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Table B.5: Definition of common parameters used in bioeconomic model

Parameter [ Unit Definition

alrn hrs ha™ Animal labour required for the cultivation of cropping system n
during period t with labour system |

awr; Naira hr* | Animal wage rate during period t

COWh1 n2 Naira® hr? | Covariance of average income between cropping system Nl and
cropping system N2 based on one hectare

domym kg gf)lat'l Annual requirement of product M of one goat when maintained at

year feeding level f and ration r

fncmk kg kg™ Quantity of nutrients of type Kin product m

fnry kg Quantity of food requirements of type K required by the farming
household per month

glcs Parameter used to calculate gaseous losses from fertilizer
application

glis Intercept used to calculate gaseous losses from nutrient application

inpi ¢ Naira kg™ | Market price of input i during period t

int Naira Periodical interest rate on loans

Iprint kg ha™ Amount of input i required for cultivation of cropping system n
during period t

Iwgr kg ggafl Annual gain in live weight of a goat kept at feeding level f and

year ration r
min Naira Maximum amount of credit available to the farmer during the
. cropping season

mirn ¢ hrs ha Manual labour required for the cultivation of cropping system n
during period t with labour system |

MWK Naira hr* | Agricultural wage labour rate during period t

OPPnt Naira kg” | Market price of product mduring period t for market purchases

OpPSn t Naira kg'l Market price of product mduring period t for market sales

sfGi kg kg™ Amount of soil nutrient S contained in input i

sflsm kg kg'l Fraction of total uptake of soil nutrient S obtained through biological
nitrogen fixation in cropping system i

sfhy m kg ha™ Amount of soil nutrient Sremoved in harvest of cropping system |

snd; kg ha™ Average quantity of soil nutrient S deposited through wind and rain
during one year

she kg ha™ Average quantity of nutrient Slost through wind and water erosion
during one year

yldnmi kg ha™ Yield of product m from cropping system N during period t

The table provides a formal definition of all common parameters included in the bioeconomic
model used in Chapters 3 and 5. These parameters do not vary between farmers. Their use
in the model is formally introduced in Section B.2, where all equations and constraints are
discussed. In addition, Table B.6 provides an overview of the data sources used to estimate
these parameters.
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Table B.6: Data sources of parameters used in bioeconomic model

Parameters Source
awr, alrp ), ini;, mlr, 4, min, | Estimated based on household production and consumption
mepR hmwr survey in 2005

ala;, fds, frs, ip[n’t, int, mlg, | Estimated based on baseline survey in 2002
yldn m ¢

iPPit, OPSnu OPRn. Estimated based on data obtained from various government
agencies

snd, fnry, sne, sfg, sfkm Estimated from various FAO sources (FAO, 2004a; 2004b,

sfesm glis, glcs, fNGn 2004c, 2006)

Ifr No detailed estimation possible. Various values of the

parameter are used, with neither of these exceeding 0.25,
based on local observations

The table provides an overview of the data sources used to the parameters introduced in
Tables B.4 and B.5.

B.2 Mathematical description of profit efficiency DEA-model

This section provides a detailed overview of eddi® equations and constraints of

the bioeconomic model used in Chapters 3 and 5.

B.2.1 Financial balances and constraints
M M |

CAFt) = CAFt)—l + z SELm,t—l * OPSy i1~ z BUYm,t—l * OPBRy-1 ~ z IPA,t—l * inpi -1
m=1 m=1 i=1

+ [OLR—l - HWL[—l]* mweg_, — HAL(—1* awr_, + init—l —mep., - RLNI—l + NLNt—l

~ITP,, (B.1)

Constraint (B.1) is a monthly capital balance, glting the amount of money at
hand in the farming household. Capital in a certaonth depends on capital in the
previous month, plus income from net sales of h&tedk product at the market, less
expenditures on farming inputs, plus income frongevéabour, less expenditures on
wage labour, plus or less other sources of inconte expenditures, plus or less

changes in loans and less costs of maintainingsloan
LON, = LON_ + NLN_,- RLN, 0O ¥1,..,1 (B.2)

Equation (B.2) is a monthly balance, determining ttotal amount of loan
outstanding, depending on loans in the previoustmaapaid loans and new loans.
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.
D NLN, < min (B.3)
=1

Constraint (B.3) ensures that the total amountoaih$ taken during the planning

period does not exceed the maximum amount possible.

T T

> RLN =) NLN (B.4)
t=1 t=1

Equation (B.4) ensures that the total amount afiddaken during the planning period
Is repaid at the end of the planning period.

ITP.=LON*int Ot=1,....T (B.5)
Equation (B.5) determines the required monthlyregepayments.
B.2.2. Land use constraints

ZN:ZL: LAN,, < frs (B.6)

Constraint (B.6) ensures that the total size osehdanduse does not exceed the total

farm size of the farmer.

FzN: i LAN,,, < fds (B.7)

fn=1 I=1

Constraint (B.7) ensures that the total size okehdfadama landuse does not exceed

the total fadama size of the farmer.
B.2.3 Labour use constraints

N L
> > LAN, *mlr,,, < mla+ HWIL.- OLR O t1,..., 1 (B.8)

n=1 I=1
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Constraint (B.8) ensures that the monthly laboguirements, induced by the chosen
landuse-options, are met by family labour, lesssiids other wage labour activities,

plus hired labour.

N L
> > LAN, Oalr,, <ala Ot=1..,T (B.9)

n=1 1=1
Constraint (B.9) is identical to (B.8), though fees on animal (bull) labour.

OLR < mladlfr Ot=1,...T (B.10)

Constraint (B.10) ensures that labour spent onratbe- or off-farm activities (such

as wage labour) are restricted so a pre-set maximum

B.2.4 Production balances

N L
PRD,,=>.> LAN, Ovld,,, Onmel.., M O€EL.., T (B.11)

n=1 I=1

Equation (B.11) relates production of products msen landuse-options through

estimated yields.
T

TPD, =) PRD,, OnFl.., M (B.12)
t=1

Equation (B.12) sums up production throughout tharyo total production.
B.2.5 Input use balance

N L
IPA, => > ipr,, OLAN,, DOi=1..,| Ot=1,..7T (B.13)

n=1 I=1

Equation (B.13) determines the total amount of taprequired as a result of the
chosen landuse-options.
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B.2.6 Storage balances
STQ,, =STQ.+ PRRP,,- CSQ,- SEL, O =i.., M =t..,

(B.14)
Equation (B.14) is a storage balance for producsifthe farmer's fields. It depends

on the produce in store in the previous periodsoamption and sales.

STR,= STP,,- CSPR,+ BUY,, 0O aL.., MJ =t,.., (B.15)

Equation (B.15) is a storage balance for productshmsed at the market place. It
depends on the produce in the store in the previpersod, consumption and
purchases. The division betweSiQ,:andFSTy,is an artificial one, to prevent the

model outcome to include profits from hedging orrkeaprices.

PM
> sTQ,,,=0 0Ot=1,...T (B.16)

pm=1
Equation (B.16) ensures that perishable produetsat stored.

B.2.7 Consumption balances
CNS,, = CSQ,+ CSP 0O mi.., MO 1., (B.17)

Equation (B.17) defines total consumption, basedcamsumption of own produce

and market purchases.

M

D> CNS, * fng, = fnp Ot=l.., TT O k1., k (B.18)
=1

Subsistence constraint (B.18) ensures that thé dotesumption is sufficient to meet
food requirements every month between harvest hadstart of the next cropping

season.

M
> CNS, O fng, > 0@+ | TI- [ TT) O k 1,. (B.19)
m=1
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Subsistence constraint (B.19) ensures that thé ¢otesumption is sufficient to meet

food requirements from the start of the next crog@eason till the next harvest.

% iCNSﬁm,t =0 (B.20)

nm=l t=1
Equation (B.20) ensures that non-consumable preduetnot consumed.
B.2.8 Equations determining variance of production
N N L
VAR=Y>">">" coy,,,0 LAN,, O LAN,, (B.21)
nl=1n2=11=1
Equation (B.21) determines the variance of the pctdn plan by standard formula.
VAR= VAP- VAD (B.22)
Equation (B.22) is used to define the absoluteevalithe variance.
B.2.9 Soil nutrient balances
| T
NAF, = > (sfg,0IPA) Os1..,¢ (B.23)
i=1 t=1
Equations (B.23) till (B.28) are the componentd thake up the soil nutrient balance.

Equation (B.23) calculates the amount of nutrieapplied to the farm through

fertilizer.
NLG, = gli,+ glc,ONAF, 0Os=1,..., (B.24)

Equation (B.24) calculates the amount of nutriemtapplied fertilizer lost in gaseous

losses.
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M
BNF, =) (sth,0sff, ,0TPD) O s1,., ! (B.25)

m=1

Equation (B.25) calculates the amount of nutrieatsthe farm obtained from

biological nutrient fixation.
M

NLH,=> (TPD,Osfh,) Os 1., ¢ (B.26)
m=1

Equation (B.26) calculates the amount of nutrierdmoved from the farm in

harvested products.
NUT, =(snd- sng0 frs NAF BNF NLG NLH O =l..., (B.27)

Equation (B.27) calculates the soil nutrient batarafter one cropping season.
Positive contributions are made through depositikled fertilizer and biological
nitrogen fixation. Erosion losses, gaseous lossehavested product contribute

negatively to this balance.

FM
NLF, =Y (TPD,,Osfh ) O s1,..., ¢ (B.28)

fm=1
Equation (B.28) calculates the amounts of nutriemtsarvested fodder products.

B.2.10 Constraints and balances of livestock prodtion

F

H :ZR:ZANM (B.29)

r=1 f=1

Equations (B.29) till (B.31) define livestock pradion. These equations are only
included in the analysis in Chapter 5. Equatior29®.defines the total herd size
maintained, which is the total of all animals kepider different feeding levels and

rations.
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R
> > AN, *dom ,, <TPD, Om {4, ..., FM} (B.30)

F
r=1 f=1

Constraint (B.30) ensures that the total demandoidder products is smaller than or
equal to the production of fodder products.

TLG=§ZANM *lwg, (B.31)

r=1 f=1
Equation (B.31) defines the total annual gainva veight of the total herd.

B.2.11 Restrictions on variables
All decision variables (B.32)

VAR OR (B.33)

All decision variables included in the model shobédgreater than or equal to zero. In

addition, the variable expressing total varianaete&e on all real numbers.

B.2.12 Mathematical Representation Objectives
Equations (B.34) till (B.37) are the mathematicesctiptions of the five attributes or

forms of the objective function that are used ia dmalysis.

T M T

GMN=>">"ops, O PRQ”—ZZI: inpd IPA-

t=1 m=1 t=1 i=1

.
mwil HWED  awll HA

.
=1 t=1

(B.34)
The above equation (B.34) calculates the valub@pbssible objectiv€ MN. This is
calculated as the total market value of harvestediyct, less the market value of
applied inputs, and used wage and animal laboueretty costs of family labour are

not accounted for.

SUS= NUI:’ Nitrogen (835)
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The above equation (B.35) calculates the valudefpossible objectivBUS This is
calculated as the resulting balance for the nutménogen at the end of the cropping

season.
VAR=-VAN- VAT (B.36)

The above equation (B.36) calculates the valudefpiossible objectivRAR This is
calculated as the absolute value of the varian¢keoproduction plan.

N T L

LAB=Y > > LAN, * ml,, (B.37)

n=1l t I=1
The above equation (B.37) calculates the valudefpiossible objectiveAB. This is

calculated as the total amount of labour spentanmihg activities, including family

and hired labour.
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Summary

As a result of increasing population pressure,ayerage farm sizes in the savannah
regions of West Africa have reduced. By consequeiacmers can no longer rely on
fallowing to maintain soil fertility. For long farers have therefore resorted to other
methods. The most common on-farm strategies to wofereduced fallow lengths
are rotation of cereals with nitrogen fixing legusm@nd crop-livestock integration.
The most important component of crop-livestock gnéion is the feeding of crop
residues to livestock and the subsequent use ofiraas fertilizer. At the same time,
many farmers can no longer rely on farming as tlsele source of income and
diversify into off-farm income sources such as yetading; local manufacturing
jobs; or migrate (seasonally) to large urban arglasi.ce, the coping strategies in the
wake of increased population pressure are manitold, the rural population is far
from homogenous.

The aim of this study is to examine in detail thtgees of heterogeneity and
their relationships with agricultural productionhése three types of heterogeneity
are: (1) heterogeneity in farmer goals and objesti2) heterogeneity in (on-farm)
soil fertility resources, and (3) heterogeneitgiop-livestock integration. We thereby
explore how differences in household charactessticd farming strategies relate to
the three types of heterogeneity distinguished,reowd this affects soil fertility levels.

These types of heterogeneity affect production i§imes) and farmer soil
fertility resources in different ways. First, demeéd with the purpose of analysing the
ex anteimpact of policies and technologies on farmersil smtrient use, bio-
economic models frequently assume that farmersharaogenous in goals and
preferences, i.e., their underlying utility funetio Similarly, many studies on
smallholder productivity and efficiency only inckid observable household
characteristics and thereby implicitly assume thatrelationship between household
characteristics and farmer goals and objectivesoimiogenous. In neither type of
study there is a clear reason to assume that selcavioural homogeneity holds.
More importantly, ignoring farmer specific goalsdambjectives may lead to incorrect

simulation outcomes from a bio-economic model, adl ws biased estimates of
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efficiency or productivity. In both cases this abukad to ill-formulated policy
recommendations. This is further investigated ia study.

Second, most studies focusing on productivity affidiency in agricultural
production assume farm size to be homogenous wgpect to its soil composition,
an assumption refuted by numerous field studiesiggnoring such information
may lead to biased estimates and policy recommemdat

Third, livestock clearly plays an important role froduction of manure, but
manure production is not the main reason for honlsshto keep livestock. Next to
meat and other tangible benefits contributing tonfancomes in kind or in cash,
several other non-tangible benefits, such as imeerand storing finances, play a role.
The importance of these non-tangible preferencekdeping livestock may differ
from one household to the other, giving rise tdedénces in the degree to which a
farmer integrates crops and livestock.

These types of heterogeneity are further analyse@hiapters 2 till 5 of this
study. Thereby use is made from various data sedroen northern Nigeria. The data
used includes farmers from villages in differentoagcological zones in northern
Nigeria, as well as villages characterized by déife¢ levels of market access. The
villages also differ in population density, but é of agricultural intensification are
high throughout the region of study, with fallowingpn-existent in nearly all

locations.

The description of heterogeneity in farmer goald abjectives, and their effect on
smallholder efficiency and on soil nutrient budgstshe subject of Chapters 2 and 3
respectively. Chapter 2 follows an explorative aagh in documenting the various
farmer goals and objectives. While arguable riskraion and profit maximization are
important attributes in farmer decision-making, estpreferences and attributes may
equally play a role. To capture such additionalialdes, a fuzzy pair-waise goal
ranking is combined with a set of Likert scale dioess. Principal component analysis
is used to reduce these data into behavioural rgcice., the minimum set of
underlying behavioural latent variables. We subsaty estimate technical and
allocative efficiency levels by using Data Envelaggrh Analysis and analyse how
these are related to farm characteristics and dbetified behavioural factors. The
models in which both intended behaviour and faromaracteristics are included give

a significantly better fit over models in which gnhousehold characteristics are
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included. More importantly, next to expected effedf risk aversion, two other

behavioural variables are identified that influertgciency levels. These variables
reflect the desire to be a successful farmer aedlésire to fulfil subsistence demands
from own production. On the other hand, the oveediiécts of these behavioural

variables are small in relation to other observambeisehold characteristics, and
additional research should focus if and how agtical policies should account for

this heterogeneity.

In Chapter 3, the relationship between differennegoals and objectives and
on-farm soil nutrient budgets is explored in moetad, by using a combination of
multi-objective programming, multi-attribute utilit theory and bio-economic
modelling. The first part of the analysis estal#sirade-off curves between the most
common production attributes included in smallholdridies, i.e., optimisation of
gross margins, labour use, risk levels and sudilénase of soil resources. The
estimated trade-off curves reveal that farm planged at optimising gross margins
and, arguably, sustainable use of soil resourcesnare favourable, considering the
nutrient balances, than those aimed at minimisnoglyction risks. In the second part
of the analysis, by using multi-attribute utilitytory, farmer specific weights for each
of these attributes are identified. Risk aversioperationalised through variance
minimization, appears an important attribute irs thiudy for many farm households
with smaller land holdings. Subsistence productdrcereals is dominant in such
farm plans that lead to negative soil nutrient beds, especially for potassium.
Farmers who place a large importance on gross neigitheir utility function are
likely to benefit most from policies aimed at enbiaig profitability through
improving the functioning of markets. The large gvoof risk averse farmers will
have the largest immediate gain in utility from ip@s and technologies aimed at
lowering production risk in high-value crops. Addital policies aimed at creating a
stronger market—oriented production by the leadbeed farm households could
play a role in reducing intensity of soil fertilityining. Then, the efficient cropping
pattern shifts (partially) from cereal cropping gh value crops, associated with

higher input use.

In Chapter 4 it is analysed how heterogeneity ih fectility resources at farm level
affects maize and sorghum production, and measidirieshnical efficiency for these

crops. While arguably crop production is depenaenihatural soil fertility levels, this
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is not always taken into consideration in productimnction estimations. Two
variables that can easily be derived from housepadduction surveys are introduced
as proxies for on-farm heterogeneity in soil fégtil Next to these proxies, detailed
soil fertility data at village level is included &xcount for differences in soil fertility
levels between villages. The results show thatubed soil fertility variables have
significant effects on production, although not ayw of the expected sign. Secondly,
the inclusion or omission of such soil fertilitynables plays a critical role in testing
for the presence of inefficiency. In the case ofz@groduction, inefficiency is no
longer observed after inclusion of the soil fetgilvariables. Finally, variation in
labour availability is an important determinanttbé inefficiency found in sorghum
production. The findings highlight the need to liert develop and include proxies for
on-farm soil fertility heterogeneity in smallholdefficiency and productivity studies.

In Chapter 5 it is investigated how preferenceman-tangible benefits of keeping
livestock relate to differences in herd size ar@parhoice at different types of farms.
Integrating crops and livestock is widely advocateda method to maintain soil
fertility levels through increased use of manurae. tBe other hand, there are many
other benefits of keeping livestock, such as insceaand storage of finances, in
addition to manure production. The role of such-tamygible benefits could differ
across farms, thereby driving apparent differemcedserved levels of crop-livestock
integration. First, a bio-economic simulation modelused to identify, at different
farm types, the relationships between preferencesidn-tangible benefits, optimal
herd size and crop choice. The simulation outcostesv that optimal herd size
increases for non-tangible benefits, though here siecreases again for increased
importance of tangible benefits, i.e., liveweighbguction. Furthermore, the results
from the model suggest that for increasing labaypsy, herd size decreases due to a
shift into vegetable cultivation and consequentiotion of on-farm fodder supply.
Second, a novel method to measure non-tangible fiterempirically is
introduced in this chapter. This measurement isedoy calculating the difference
between simulated herd size at maintenance legiksn on-farm fodder supply, and
actual herd size observations. A regression arsagfsws that farm households well-
endowed with farm and labour are more likely tomein (too) large herds, possibly
as a mechanism to store finances. Consequentbg flaemers also use more manure.

It shows that herd size increases demand for fopiaetucts, while there is additional
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evidence that manure use benefits cereal prodydtittndoes not benefit other crops.
Hence, similar to the results in Chapter 3, theseilts suggest that specific policies
and technologies are needed to enhance use of enahuhe least-endowed farm
households.

Finally, in Chapter 6 the wider implications of thesearch findings and the methods
used are discussed. More specifically, three topiesdiscussed in more detail. First,
it is discussed how research should further addheterogeneity in goals and
objectives in various types of study. It is theredmgued that experimental field
research methods could potentially further imprtwe accuracy of latent variables,
including the newly identified ones in Chapter 2rtRermore, such variables could
further shed new light in other agricultural or d®pment studies at smallholder
level, such as (dis-)adoption studies. Second; discussed how simulation models
can be improved for more accurate design of pdalidie promote growth at
smallholder levels. Both the inclusion of heteraggnin farmer goals and objectives,
as done in this study, and the use of robust opéitin methods to account for data
uncertainty thereby play an important role.

Finally, the implications of this research for ttehancement of sustainable
use of soil resources in the savannah regions geri, and Africa in general, are
discussed. Most importantly, the results in Chaftand 5 suggest that mostly well-
endowed farmers tap into markets for high-valugsyr@and thereby use more organic
and inorganic inputs. Hence, research should foenshow production, and
sustainable use of soil resources, at the leasivesd farmers can be enhanced
further. This can be partially achieved by develgpiechnologies that reduce the risk
in the cultivation of high-value crops and policiasmed at bringing the least-
endowed to the market. Potentially this can be emdd through cooperative
agreements between farmers, but little is yet kndvamd how such agreements can
play a role. This can be further investigated bgnlbming bio-economic simulation

models and methods from cooperative game theory.
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Samenvatting

Als gevolg van bevolkingsgroei is de gemiddelde evplakte van het land van
kleinschalige boerenhuishoudens in de savannesegai West-Afrika gereduceerd.
Daarom kunnen huishoudens niet langer gebruik makam braaklegging om
bodemvruchtbaarheid in stand te houden. Al sindsige tijd gebruiken boeren
andere methodes. De meest voorkomende methodes hajn roteren van
graangewassen met stikstofbindende vlinderbloemégehet integreren van gewas-
en veeproductie, m.a.w. gemengde productie. Denpsjlaste component van een
gemengd productiesysteem betreft het gebruik vantggsten als voedsel voor vee en
vervolgens het gebruik van mest om bodemverarmaggrt te gaan. Tegelijkertijd
kunnen veel boeren niet langer vertrouwen op dernmdten uit landbouw als hun
enige bron van inkomsten. Daarom diversifiéren \@a&ren hun inkomstenbronnen,
ook in niet-agrarische sectoren zoals kleinschaligemdel en productie, terwijl
anderen tijdelijk migreren naar stedelijke gebied@oeren reageren dus op
verschillende manieren op de gevolgen van bevoligraei, en als gevolg daarvan is
de plattelandsbevolking in Afrika verre van homagee

In deze studie worden drie types van heterogéniem hun relatie tot
landbouwproductie, onderzocht. Deze drie types :zi{ft) heterogeniteit in
doelstellingen; (2) heterogeniteit in bodemvruchtbaid tussen velden op
boerderijen; en (3) heterogeniteit in gemengde ijvedr. Daarbij verklaren we hoe
verschillen in huishoudkarakteristieken en prodsttategieén zich verhouden tot
deze types heterogeniteit, en welk effect dit heefp het beheer van
bodemvruchtbaarheid.

De effecten van deze onderscheide types hetetegeniop
productiestrategieén en bodemvruchtbaarheid zipschdlend. In de eerste plaats
speelt heterogeniteit in doelstellingen een beigmgrrol in bio-economische
simulatiemodellen. Zulke modellen, die worden gétiram het effect van beleid en
nieuwe technieken op productie en bodemvruchtba&hihehuishoudens te bepalen,
maken vaak een aanname dat boeren homogeen zijnbetetkking tot hun
doelstellingen, d.w.z. hun onderliggende nutsfundiiaarnaast worden verschillen in

efficiéntie en productiviteit van boerenhuishoudensak gerelateerd aan
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karakteristieken van het huishouden, zoals leedtijipleidingsniveau. Daarbij wordt
impliciet aangenomen dat de relatie tussen de (utcet)doelstellingen van een
huishouden en huishoudkarakteristieken homogediciger, dea priori aanname dat

boeren homogeen in doelstellingen zijn is niet getveaardigd. Bovendien kan het
negeren van verschillen in doelstellingen leideinviertekende uitkomsten van een
bio-economisch simulatiemodel, en kunnen ook datsicigen in een efficiéntiestudie
vertekend zijn. In beide gevallen kan dat leiddrotworgvuldig geformuleerd beleid.
Dit wordt verder onderzocht in deze studie.

In de tweede plaats wordt in veel efficiéntie- productiviteitsstudies de
aanname gemaakt dat de bodemkwaliteit op een bgdrdmogeen is. Tegelijkertijd
laten andere studies zien dat er vaak grote kwalirschillen zijn tussen
verschillende velden op een boerderij. Het niet mageen van zulke verschillen in
een efficiéntiestudie kan wederom leiden tot veztele resultaten.

In de derde plaats speelt vee vanzelfsprekend betangrijke rol in de
voorziening van organische meststoffen. Echterrddyctie van zulke meststoffen is
niet de belangrijkste reden voor boeren om veeotelén. Naast materiéle motieven
zoals mest, vlees en zuivelproductie, houden hudias vee voor niet-materiéle
redenen zoals verzekering en als mechanisme vaamdiering en waardeopslag. Het
belang van zulke niet-materiéle redenen kan vdisnhtussen boeren, als gevolg
waarvan de mate waarin boeren gewas- en veepreduetigen ook kan verschillen.

Deze drie types van heterogeniteit worden verdeanglyseerd in de
Hoofdstukken 2 tot en met 5. Daarbij wordt gebrgi&maakt van verschillende
datasets van Noord-Nigeria. Deze datasets bevgétgevens van boeren in dorpen uit
verschillende agro-ecologische zones, waarbij dezpen daarnaast verschillen in de
afstand tot markten. De dorpen verschillen ookemdtkingsdichtheid, maar niveaus
van landbouwintensivering zijn hoog in de gehetgaeen braaklegging komt in geen

van de dorpen meer voor.

De beschrijving van heterogeniteit in doelstellimgeen de effecten hiervan op
productie-efficiéntie en bodemvruchtbaarheid wordemnespectievelijk Hoofdstuk 2
en 3 besproken. De methode die wordt gebruikt ioftlsiuk 2 heeft tot doel om,
naast belangrijke doelstellingen als risicoaversiewinstmaximalisatie, de overig
doelstellingen te beschrijven die een mogelijkesgdlen in de productiebeslissingen

van kleinschalige boerenbedrijven. Om deze doélsgeh te bepalen wordt een
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ordeningsmethode (fuzzy pair-wise ranking) gecombid met het stellen van een
aantal vragen, waarvan de uitkomsten worden genwgiezen Likert-schaal. Daarna
wordt gebruik gemaakt van datareductie om de mil@ns®t van onderliggende
latente variabelen te bepalen. Vervolgens wordechnische en allocatieve
efficiéntieniveaus bepaald door het gebruik van eeret-parametrische
schattingsmethode (Data Envelopment Analysis). Tslotte worden de
efficiéntieniveaus gerelateerd aan huishoudkarekieken en de geidentificeerde
latente variabelen die de doelstellingen meten. ddalyses waarin beide types
variabelen worden opgenomen geven een significatéeréd verklaring van de
geobserveerde variatie in efficiéntie. Naast devaehte effecten van risicoaversie
worden ook effecten waargenomen van twee andeentéatvariabelen. Deze
variabelen meten respectievelik de wens om zelzieaend te zijn in
voedselproductie, en de wens om een succesvolletdagn. Echter, de effecten van
deze variabelen zijn slechts klein in vergelijkilog andere huishoudkarakteristieken.
Verder onderzoek is daarom noodzakelijk om te lepaf en hoe landbouwbeleid
rekening moet houden met zulke heterogeniteit.

In Hoofdstuk 3 wordt de relatie tussen heterogénin doelstellingen en
bodemvruchtbaarheid onderzocht. Hiervoor wordt eebio-economisch
simulatiemodel gecombineerd met optimalisatiemethod voor meerdere
doelstellingen (in het bijzonder multi-objectiveogramming en multi-attribute utility
theory). In het eerste deel van dit hoofdstuk wordarves bepaald die de uitruil
(trade-off) tussen verschillende doelstellingeniahtelijk maakt. Dit wordt gedaan
voor de meest gebruikte doelstellingen in analygas kleinschalige bedrijven,
namelijk winstmaximalisatie, minimalisatie van puatievariantie, maximalisatie van
duurzaam gebruik van bodems, en minimalisatie vabrugk van arbeid in het
productieproces. De curves tonen aan dat produetiegieén gericht op
winstmaximalisatie en, voor de hand liggend, duamzabodemgebruik het meest
duurzaam zijn in tegenstelling tot strategieén airiop het minimaliseren van
productievariantie. Hierbij wordt duurzaamheid bmdaaan de hand van een
balansbepaling van macronutriénten in de bodem.

In het tweede deel van dit hoofdstuk wordt vodkedboer een set gewichten
bepaald die zijn individuele preferenties voor deloelstellingen weergeeft. Het
minimaliseren van variantie, m.a.w. risicoaversipeelt een belangrijke rol in veel

huishoudens met Kkleinere landopperviakten. De pbeluvan graangewassen
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domineert in zulke strategieén waarbij de nutriébédansen voornamelijk negatief
zijn, in het bijzonder voor fosfor en kalium. Boeyelie een sterk belang hechten aan
winstmaximalisatie, zullen de meeste baat hebbebeleid dat het functioneren van
markten bevordert. De grote groep van risicoavebsieren zullen de meeste baat
hebben bij beleid en technologieén welke hun btebitsg aan productierisico’s
vermindert, in het bijzonder voor gewassen methexge marktwaarde zoals groentes.
Daarnaast kunnen ook de armste huishoudens baagrép beleid dat hun oriéntatie
op marktproductie verstevigd. Dan verschuift hebdoictieplan gedeeltelijk van
graangewassen naar gewassen met een hoge marldvesmanchet een hoger gebruik
van meststoffen, nemen de nutriéntenbalansen toe.

In Hoofdstuk 4 wordt onderzocht hoe heterogeniteibodemvruchtbaarheid
op een boerenbedrijf de efficiéntieniveaus van neaisgierst beinvloedt. Hoewel
productie van deze gewassen afhangt van bodembasiieid, wordt dit niet altijd
in efficiéntieschattingen meegenomen. Daarom worden twee variabelen
geintroduceerd die de verschillen in bodemvruchtizd op een bedrijf benaderen.
Daarnaast worden gedetailleerde gegevens over delda verschillen in
bodemvruchtbaarheid tussen dorpen in de analysgenemen. De resultaten tonen
aan dat er significante effecten van bodemvruchbi@@ op productie zijn.
Bovendien spelen deze variabelen een belangrijkebijohet identificeren van
inefficiéntie. In het geval van maisproductie is et langer een bewijs van
inefficiéntie, na toevoeging van deze variabelem.gierstproductie verklaart de
beschikbaarheid van arbeid de waargenomen ingffiei€éDeze resultaten tonen de
noodzaak aan voor verdere ontwikkeling en perfeeting van variabelen die
verschillen in bodemvruchtbaarheid benaderen emdmnworden opgenomen in
efficiéntiestudies.

In Hoofdstuk 5 wordt onderzocht hoe preferentiesrwniet-materiéle aspecten
van het houden van vee, zoals veehouderij als kerngs- of
financieringsmechanisme, relateren tot kuddegraaitgewaskeuze op verschillende
types bedrijven. Terwijl het mengen van gewas-egpvoductie wordt aanbevolen als
een belangrijike methode om bodemvruchtbaarheidaindste houden, is productie
van organische mest niet de meest belangrijke reden huishoudens om vee te
houden. Bovendien kunnen verschillen in preferentieor niet-materiéle aspecten
leiden tot verschillen in kuddegroottes en in ddemaaarin gewas- en veeproductie

wordt gemengd. In het eerste deel van dit hoofdstakdt een bio-economisch
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simulatiemodel geconstrueerd om de relaties tussetrmateriéle opbrengsten,
kuddegrootte en gewaskeuze te bepalen. De uitkonvsie dit simulatiemodel laten
zien de kuddegrootte toeneemt voor toenemende rprgi® voor niet-materiéle
opbrengsten, en afneemt voor toenemende prefereotie materiéle opbrengsten,
d.w.z. vleesproductie. Daarnaast laten de modelgiten zien dat voor toenemende
beschikbaarheid van arbeid, het aandeel van gewasseeen hoge marktwaarde in
de productiestrategie toeneemt, en de optimaledgrodtte afneemt. Dit laatste komt
door een afname in beschikbaar voedsel voor veks zantresten van graan en
vlinderbloemigen.

In het tweede deel van dit hoofdstuk wordt een weumethode
geintroduceerd om de preferentie voor niet-magopbrengsten van veeproductie te
meten. In deze methode wordt eerst bepaald, og basi de gerealiseerde productie
van plantresten, welke kuddegrootte op onderhoudani dus zonder gewichtstoe- of
afname, in stand kan worden gehouden. Daarna waedafwijking tussen deze
kuddegrootte en de werkelijke kuddegrootte bepdadh kuddegrootte die groter is
dan de kuddegrootte op onderhoudsniveau geeftreboatie voor preferentie voor
niet-materiéle opbrengsten. De resultaten laten dat leeftijd, opleidingsniveau en
bodemkwaliteit verschillen in deze afwijking venida. Daarnaast neemt deze
afwijking ook toe voor bedrijven waarvan de landeppakte en het huishouden
groter zijn. Bovendien blijkt uit de analyse datkeubedrijven ook meer gewassen
met een hogere marktwaarde verbouwen. De afwijkimgdus het belang van niet-
materiéle opbrengsten, hangt daarbij hoogstwagnsighiaf van opbrengsten uit
financiering en waardeopslag. Tevens gebruikenezll&drijven meer organische
meststoffen, die een Kklein, maar significant, dfféebben op productie van
graangewassen. Dus, vergelijkbaar met de resulitatdnofdstuk 3, zijn er specifieke
technologieén en beleid nodig om het gebruik vajamische mest te stimuleren bij
de armste huishoudens, d.w.z. huishoudens met wisteriveschikbaarheid van land-

en arbeid.

Ten slotte worden in Hoofdstuk 6 de implicaties denresultaten en de bevindingen
van de gebruikte methodologie besproken. In hebhger worden drie onderwerpen
behandeld. In de eerste plaats wordt besprokernéieeogeniteit in doelstellingen en
preferenties verder moet worden meegenomen in poeler naar kleinschalige

boerenhuishoudens. Daarbij wordt besproken hoe rpodkesmethoden uit de
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experimentele economie kunnen worden gebruikt. Bdv® kunnen betere metingen
van latente variabelen, zoals gevonden in Hoofdstukpotentieel ook betere
verklaringen geven voor ander waarnemingen in kthalige bedrijven in Afrika,
zoals (dis-)adoptie van nieuwe landbouwtechnieken.

In de tweede plaats wordt besproken hoe simulatieften, zoals de
modellen gebruikt in Hoofdstukken 3 en 5, kunnerrdea verbeterd zodanig dat
meer nauwkeurige resultaten worden verkregen, @mndge ook het ontwerp van
beleid ter stimulering van duurzaam bodemgebruikbeterd wordt. Zowel het
meenemen van heterogeniteit in doelstellingen, te$ gebruik van robuuste
optimalisatiemethodes, om te corrigeren voor mggefouten in de parameters in het
model, spelen daarbij een belangrijke rol.

In de laatste plaats worden de bevindingen uibdderzoek met betrekking
tot het stimuleren van duurzaam bodemgebruik b&sprde resultaten in Hoofdstuk
3 en 5 tonen aan dat de relatief rijkere bedrij\dat, wil zeggen bedrijven met meer
land en arbeid beschikbaar, particperen in de marikbor gewassen met een hoge
marktwaarde, zoals groentes. Daarbij gebruiken zmNvel meer organische als
inorganische meststoffen. Dus onderzoek moet zadral richten op hoe productie
en duurzaam gebruik van bodems kan worden verbetaldr de armste bedrijven.
Dit kan worden bereikt door het ontwikkelen vanht@eken waarbij de variantie van
opbrengsten bij gewassen met een hogere marktwaemaheindert. Daarnaast is
beleid nodig om de armste bedrijven in de markaten participeren. Mogelijk kan
dit worden bereikt door cobperatieve afspraken rodpctie te stimuleren. Echter
meer onderzoek is nodig naar de exacte opbrengstéwosten in zulke afspraken en
hoe duurzaam bodemgebruik hierdoor kan worden rgakerd. Om dit te
onderzoeken kunnen bio-economische simulatiemadelleerder worden

gecombineerd met methodes uit de cobperatievengoeie.
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Saboda yawan karuwan mutane, girman gonaki a ci&gjm Africa ta yamaci sun

ragu sosai. Shi ya sa manoma baza’su iya barinkgoisa babu noma don su kara
karfi. Lokaci da yawa manoma basu bidi sabobin dulatan su kara karfin tashin
gonakansu ba. Dubaran wada suka fi aikatawa dosim lgonakinsu babu noma,
shine shipka masu kanu, sa’anan salati da kamatissy kama taki a cikin kasa,
kuma da a gama noma da kiwo. Abin mai ma’ana a gaonga da kiyo, shine sai a
bar bisashe abinda ya rage saura a nome, kuméisaga yin taki mai anfanin

noma sosai. Cikin wanan lokaci, manoma dayawa iarrikma bazai ishesu ba, sai
sun gama da wasu aikace aikace kamar karamaraaai&ih hannu ko su tashi bida a
chikin birane. Wannan ne yas’sa ana koyi dubarurirda mutane daji su ke iya

anfani da su, kowa da dubaran sa.

Manufa wanan tadi shine lisafi da dubaru iri ukuzdau amfani noma. Wanan
irin dubaru sune: (1) abinda manoma suka nufa da i domin samu, (2) dubara ta
wajen kara karfin kasa don noma, (3) dubara ta gaonaa da kiyon bisashe. Zamu
bincika muga kakan da iyalin manoma zasu sakewakian da karfin kasa zata karu.

Da farko, domin ana yin su ne da duban anfanin daoma suke yi da takin,
bide-bide bisa noma daji yana tsamanin manoma meamebu iri guda wajen neman
albarka aikin kasa. Kuma, karatu dayawa don alsgirbkananan ma’aikatan gona su
na aiki da abinda su ka gani a bisan iyalan manemaa tsamani komin da iyalan
monoma dake nema iri guda ne.

Babu karatun da ya goda wanan tsamani dadai nedKaari, rashin aiki da
dubaru daban daban chikin wanan karatun, shi k&'sasamun dadai chikin tsamani
abinda noma yake anfani. Irin wanan ya na sa a saugun gurgata. A gaba muna
diba wanan abu.

Na biyu, tadi masu yawa bisan anfani kasa da kadima na tsamani girman
gona da albarka kasa iri guda ne ko ina, amma wkawaatu dayawa sun karyantashi.
Manta da wanan ne ke sa anan bada Magana bisadasigasa noma ba mai kyau
ba.

Na uku, kiwo na anfani sosai wajan bada taki geaagam’ma ba shi ke sa manoma

suna kiwo ba. Game da nama da wasu anfani da suma & cikin bisashe, akoyi
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wasu anfani da basu ganuwa, kamar adani da ajiwandim gobe tabaci.Karfin da
kowane manomi ya ke ba wadanan afanin shi ke safk®wnanomi na sa irin nashi
karfi chikin kiwo bisashe. Irin wadanan dubaru muhdansu a lamba 2 zuwa 5 na
wanan karatu. Muna aiki da rahotanin da muka saaga ddercin najeriya. Rahotanin
Su zo daga manoman garuruwa iri iri na adercinriyajeda masu zuwa kasuwa daban
daban. Garuruwa na daban daban bisa yawan mutap@ma noma na da karfi ko
ina don akara yin karatu, kuma babu inda a ke asa babu noma yanzun.

Gwadia manufofin manoma daban daban, da abinda kake wa a biyan
girman gonaki da neman arziki zai shafi nu'uma Zdawane. A ticin nu’'uma ta 2
muna neman abinda yake sa manoma ke doka wasu ofiadalian daban bisa aikin
daji.

Koda shike sunfi bada hankali da bida riba sos&pya wasu abubuwan dake shiga
lisafi.

Wajen bida wanan abubuwan, muna yiwa makaho tanybaygu-biyu da ake cema
Waise. Amsa da aka samu za a rage su wajen dubda y@anoma suke bayana.
Sa’anan mu dibi karfin su a chikin lisafin da alema Development Data Analysis
don mu ga yanda suke bayana yanda gonakai sukggarda manoma suke dokan
wasu niyya.

Wanan lisafin yafi lisafin da a ke aiki da girmaang@ da iyali kadai. Mafi girma,
bayan aikin da’ da tsoron bana, abu biyu ne murus#arke kara amfanin noma. sune
bidan zaman manomi mai ciyedda kansa da mai samuaisshi. Ama wanan ya
dadda karamta bisa a binda ake gani a chikin iyalanoma, sai an kara karatu bisa
yanda siyasa noma zata gwaru.

Chikin shapta na 3, muna duban abinda ya raba wigyarzikin takin gona, da
dubarun dabam dabam na aikatawa da lisafi bisa d#éji. Wurin numa duban yadda
adinda ya gama noma da bida riba sana’a, chikikdiamnla amfani da kasan da ba’a
bata ta ba. Wanan aiki ya gwada da noma yana liaal@ayawa, kuma suna kula da
addanan karfin kasa, bisa bida abinci da rage ibadiekara. Chikin shaida ta 2 na
wanan lisafi, tareda dabaru iri iri, mun gane dddgamanoma suke aiki da kowane
dubara. Tsoron bana, yadda a ke rage shi, yanarfiadayawa ga masu kakanan
gonaki.. Noma tsaba abinci ya fi yawa a chikin iianan manoma, shi ke sa kasa ta
rague albarka, harma ya rage karfin gishirin. Maaonasu sa riba gaba chikin niyya
su iya samu albarka shiyasa ta ‘kara anfani a chikisuwa. Manoma masu tsoron

bana su ke cin riba chikin shi yasa mai aiki daeragron girman albarka gona. Karin
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samun abinci ya sa karfin kasa ya ragu. Shi naagsaakbarka noma shi kara anfani,
tareda karin taki.

A chikin chapta na hudu(4) muna duban yadda karfinkkasa zaya sa
massara da hatsi su karu, ya awna riba bisa wanan[@on yawan sanu yana daga
karfin kasan ne, ba kullum ba ne a ake aiki dackikin tsamani yawan albarkun
noma.

Abu biyu ne da so ka samu daga noman gidaje sga slikin iri irin albarka
kasa. Tare da wanan, tarin sani bisa albarkanyashiga chikin banbanta garuruwa
bisa anfani kasan su. Wanan ya gwada da arziki yase kara albarka noma, koda
yake, ba ko da yaushe ba ne. Na biyu, karin karelgikin duba kasan noma ya na sa
bada mugun al amari bisa samu rashin anfani. Bisaanmassara, a na barin samu
rashi in an kulla da arzikin kasa. A karshe, sarkasa mai iya noman dawa ya na
rage samun albarka a chikin noman dawa. Shine yadgwdolle aiki da wadanan
munana chikiin karatun bisa samun albarka chikimao kananan manoma.

A cikin chapta na biyat (5), a na diba kakane zakiemon bisashe ba cikin
bida riba ba, ya ke bisa girman gona da irin nomara ke yi. Noma da kiwo tare
anan yin shi a koina saboda kara karfin kasa,dsabekin da a ke kara ma ta. Wani
waje, akanyi riba dayawa cikin kiwo, kanan ajiyalkuare da albarka taki. Anfani
wanan dubara yana da daban-daban, shi ke sa amia gaman kiwo daban-daban.
Ana aiki da wani tsamani sana’a bisa rai, don ausaikin gandu iri iri, abinda ke
gama girma kiwo, girma gona da zabe shipka. An giengarke mai girma in da ake
bida anfani wanda ba na kudi ne ba, kananan garkiaia ke bida riba kudi maza
maza. Kuma da aiki ya karu, kiwo ya na raguwa salvaguwan abinci bisashe.

Na biyu, muna aiki da wata sabuwa dubara ta awmmwiadda ba ta kudi ba.
Wanan awo a na yin shi tsakanin tsamani girma gehidén gona babu shipka, da
girma garke da ake gani a gaskiya. Mun gane da rdaridwo tare da baban garke
domin ajiya kudi ne. Shi ke sa suna aiki da taki yaava. Shine ke sa girman garke
na kara neman abinci bisashe, suma suna badadakkata albarka noman abinci,
aman ba wasu noma ba. Haka, kuma abinda mun gahapta na uku(3), wanan
ganuwa yasa sai da siyasa da zamani don karint&akikiwo.

A karshe, chikin chapta shidda (6), ana duban a@bimda ta bada da yanda an
kai wanan bida. Chikin abu uku ne an duba sosavafawa, kakane bida zata dibin
nufa iri iri chikcin wasu karatu. Yana cewa yandda ake wanan bida ya na kara

karfin abinda a ke samu, kuma wadanan na chaptg2)iyZuwa gaba, irin wana
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bide-bide suna kara ma wasu aiki bisa noma danaatziki chikin manoman daji,
kama karatu bisa gado. Na biyu, ana duba kankanawhida ke sa kiyaya ta kara
albarka noma wajan kakana manoma. Douka aiki da&iimiyya manoma, cikin
wanan karatu, da aiki da gwanita mai karfi don tatzmrin ya na da rashin daidai,
suna da anfani da yawa.

A karshe, wannan karatun binchike karin hanyoyibaedu kasa a cikin
yamanci Najeriya da Africa gaba daya, an ji magasanMafi ni‘ima, abinda aka
samu chikin chapta 3 da 5 na gwada manoma masui atdakasuwa da manyan
gonaki, suna aiki da taki ko abinci da yawa. Slsiaydida ya kamata su nemi shin, mi
ya sa noma da aiki da albarka kasa da imani, zai kawa gaba. A na iya samun
wanan chikin aiki da shi yasa da ke rage nomankdsawanci. A na iya bada karfi
wajen gana manoma tsakanin su don su tara arziinswguda, aman ba a sani ba ko

wanan kankani zashi anfani su. A na iya duba wdaen da duban noma daji da
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participation in a stimulating scientific environme through informal discussions
during coffee breaks and formal ones during regsdganinars or the frequent reading
groups. So thank you Kees, Marrit, Pan, Erwin, RBiico, Maarten, Lonneke, Aifa,
Benigno and Ingrid for your comments and suggestmm my ongoing work and/or
for the many, (scientific or not) discussions, dgricoffee breaks; the monthly get-
together in Looburg; and during our departmental to Ghent. A special thanks to
Roselia, Fred and Chen with whom | shared room ZtMarious points in time and
for the great discussions on research troublesjay® of doing a PhD; the not so
joyful issues related to doing a PhD; and otheadéscussions!

Most helpful to me in this past period in Wagenmdes been Rob Schipper.
Rob not only patiently read my pieces of writingraat many times, whether it be the
initial research proposals or the chapters inttigsis, he also arranged some financial
details during my stay in the past 18 months. Rab of great help both in discussing
the broad lines of each chapter, and working withtothe final drafts. Once at, or
nearly at, that stage Arie and Herman, meticulousid these drafts. Even after my
own careful reading, they were always able to pceda great amount of final
comments and suggestions, and thereby helped nreat deal in improving the

guality of the chapters to a higher level.

George Ucheibe had been driving with me beforehat tateful day in November
2007. Likewise, Zachariah Jamagani had been asgiste in the fieldwork all along.
Their company made long journeys on Nigeria’'s higigsvmuch more fun. | will
never forget the discussions we had on Nigeria’aymvaoes and how to solve them,
whether it be on the road; waiting in the car fome lost enumerator; in the Katsina
army barracks; or at JBM Guest Inn. Georges’ uagemproclamations on Nigeria
(‘Nigeria hail thou’) will stay with me forever. Inther circumstances, Zachs might
have chosen a career as a stand-up comedian,h@nsegifted with making farmers
laugh within minutes of his arrival in a villagehi§ quality made doing research with
Zachs not only a wonderful experience, but at themes time made farmers share
information willingly.

The distraction some of you provided by visiting insNigeria has been of

great help, not only in putting my work and PhD wues aside, but also in getting
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more to grips with the complexities and diversifyNigeria. Thanks mum and dad for
the trips we made to Nguru and Yankari, Sjef andijka for the trip to Kaduna
State; Mark and Jasmijn for visiting Niger and uskiag the BBC-invented food
crises; and Freek and Martijn for our wonderful batelusive quest for Lake Tchad.
Thanks Hannah, Joost, Esther, Julius, Lonneke afldriVfor making our holidays in
The Netherlands so enjoyable. And thank you alinifig and friends, for the

understanding you exhibited during the past years.

If it wasn’t for my parents | may have never stdréePhD, neither would | have been
so interested in problems of development. | younhaaffered me the opportunity to
travel to Africa for the first time in 1997, whighstantly led me to fall in love with
the continent, | may have never opted for a caredevelopment. Moreover, you as
well stimulated me in combining my position witA A with a PhD, something which
turned out to be working great.

Finally, Marloes never got tired of my frequent wegts to check one or two
things in a formula, calculation or piece of wrginNaturally, both writing a PhD at
the same time creates a mutual understanding donaof reciprocity, or altruism,
or both. Well, at least some form of social capitahich, furthermore, did not
depreciate. Without your help, understanding arltingness to join me to Nigeria for

such a long time, this thesis would not have been.

Thank you all.
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Name: Ezra Berkhout

PhD student, Mansholt Graduate School of Social
Sciences (MG3S)

Completed Training and Supervision Plan

of Social Sciences

MANSHOLT GRADUATE SCHOOL

Description Institute / Department Year ECTS

Courses:

I. General part

Writing Grant Proposals Wageningen Graduate Schools2008 2
(WGS)

Scientific writing WGS 2009 1.8

II. Mansholt-specific part
Mansholt Introduction course MG3S 2007 1.5

1l. Discipline-specific part

Multi-Criteria Decision Making in Agriculture MG3S 2005 4
Multi-Agent Systems for Natural Resources MG3S 2006 2
Management

Summer school efficiency and productivity analysisMG3S 2006 3
Advanced Econometrics MG3S /AEP 50806 2008 6
Development Economics NAKE 2008 3
IV. Teaching and supervising activities 4
Daily supervision of 2 research associates/tecimici IITA: Kano, Nigeria December 2004 -

IITA December 2007

Daily supervision 1 student in [ITA [ITA: Kano, Niga 2006-2007

Providing assistance in course: Land Degradatidn dDEC - 21306 March 2008,

Economic Development March 2009

Providing assistance in course: Methods, TechniqubsS - 21306 May 2008,

and data analysis for field research May 2009

Presentations (3):

Mansholt Multidisciplinary Seminar MG3S Decembeb20 1
Presentation at conference of the Center for tityst Oxford, United Kingdom March 2009 1
of African Economies

Two seminars at lITA research stations on bio- Kano, Nigeria; December 2006, 1
economic models, based on chapter in thesis Cotonou, Benin February 2007

Total (minimum 30 ECTS) 30.3

*One ECTS on average is equivalent to 28 houroofse work
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The author was born on July 91979 in Wageningen, The Netherlands. After
completing secondary school in Wageningen, he eatudEconometrics and
Operations Research, with a specialisation in Qers.Research and Management,
at the University of Amsterdam (UvA). Based on higerest in economic
development and environment, he carried out reBeancwater use efficiency and
agricultural production in Burkina Faso for his Ne&sthesis. Based on this thesis he
received his MSc. in 2003.

In 2004 he worked as a junior consultant with ©@onsultants in Gouda,
The Netherlands. Here, he assisted in implemeitisgftware package that optimises
vehicle scheduling for various customers in thifed logistics.

At the end of 2004, the author returned to Afrieagn he joined the office of
the International Institute of Tropical Agricultuf®TA) in Kano (Nigeria) as an
Associate Professional Officer. With IITA the autheorked in the Cereals and
Legumes research program, an interdisciplinaryameseprogram comprising social
and biophysical scientists with the aim of deveabgpisustainable agricultural
technologies for the West African savannah regiBasides working on ad-hoc
requests for ex-ante and ex-post impact studiés,pibsition enabled the author to
follow a PhD-program based on his research aawiwith IITA.

To complete his PhD, the author joined the Develepniconomics Group at
Wageningen University in January 2008, where heursently carrying out research

on rice production systems.
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